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“SUMMARY 


The Major Issues 


This report addresses two issues, one general and one specific. 
The general issue is whether economic analysis can provide insights 
into the proper scope of copyright coverage for works stored in or used 
with the assistance of computers or other automated data processing 
systems. The more specific issue is whether computer software should be 


_copyrightable and, if so, what the terms of that copyright should be. 


Advantages of Copyright 
We show that, if one wishes to encourage the private provision and use 


‘of scientific and artistic works, the net value of ocutput of goods and 
services to the public as a whole can bé increased by the broadest possible 
specification of property rights by means of copyright. This conclusion 


remains valid even when one considers the economics of modern computer systems. 


Our analysis proceeds by showing how the economics af investment 
‘in the product of intellect influences the structure of the market for those 
works. Economic theory is then used to show that in such a Market there 
is an optimal structure of prices. Here "optimal" means that economic 
welfare of society is maximized given the requirement that the producers 
break even or make some minimum level of profits. We then eect this 
implies that fees for the usage of copyrighted material be charged for 


as many of the uses as possible. This then leads to the conclusion 
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that if any groups of users are exempted from ere those users ane 2 
are charged will have to pay more than they otherwise would (or the 
profits of the copyright owners and the incentives for the production 
of new works will be reduced). 

There is one possible exception to the general rule ae charges 
should be levied in every market. This exception aetzes whenedhe costs 
of collection of user fees are likely to be so high relative to the 
sums involved as to render that collection wieconomical. . These admin- 
istrative costs are commonly referred to as "transactions costs". Ta 
computer information systems, costs of storing, tease aaine or mentee 
lating data are generally much lower per datum sopeitea than are those 
of non=-computer systems. Moreover, sets of monitoring the usage of 
those data also turn out to be re ee low. We anaeniae that 
the transactions costs are, in general, sufficiently insignificant, so 
es not to invalidate the argument for user fees and broad copyright pro- 


tection. 


Copyright vs. Trade Secrecy 


The two prime methods available for the arotection of computer | 
software -- copyright and trade secrecy ~=- have opposite épteeis on 
usage. Whereas copyright promotes disclosure, setiahees on the trade 
secrecy statutes requires suppression of information ae pavenees in. 
software design. We analyze these effects and infer that the use of 
copyright for protection will have beneficial effects on the quality 
and variety of software. _ . 


If producers have to rely on trade secret laws, they will have an 
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‘incentive to keep their programs and data bases secret to prevent 
unauthorized use. Programs will tend to be written in ee form, 
which makes it difficult to modify them ae transfer them to a ee peds 
computer. Potential buyers of computer software will lack information 
on what is available. Competition will lead to a duplication of efforts. 
Too many resources will be devoted to the development of software which 
is similar to existing products, so that a firm can capture a portion 
of a lucrative market, at the expense of others. Too few resources will 
be devoted to highly innovative and more risky software developments, 
which are beneficial to society, but ‘oss peer vena to an individual 
‘firm. 

Copyright protection has the advantage of giving better market infor- 
‘mation to software users; it encourages the development of software 
which can be used for many purposes and on many different computers since 
that gives a producer a wider market without fear of unauthorized 
use of his products; it reduces duplication of efforts; and it will 


tend to lead to the availability of a wider variety of products. 


Choice of Copyright Period 


For how long a period should a copyright of computer software 
or data bases be granted? On the one hand, the longer the period of 
protection the more peerilepie is the development of ae software and 
the more will be produced. But the temporary monopoly during which as 
producer can charge a price for the use of his products also discourages 
‘some potential users, and in this way reduces the social usefulness of 


whatever amount of software is produced. The optimal time span for the 
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period of protection yields the best compromise nebeten these two 
effects. This optimal period depends on a number of eer and tech= 
nological factors. In this report formulas are given which permit compu- 
tation of an optimal protection period. from cupiesieas date The following 
four factors all tend to favor a short protection period: “a short use- 
ful life-span of software packages; rapidly increasing costs with an in- 
crease in the production of software; demand which ierery: responsive 
to price changes; and a high discount rate. Of course, the opposite 
factors all favor a longer protection period. 

The actual choice of optimal protection period will require panther 
research in gathering the pertinent data. It is voeednch thet is surely 
worth undertaking because the copyright period selected can make 


& substantial difference in the general welfare. 


Other Conclusions | 

It should be noted that there is empirical aptasnes which implies 
that for the encouragement of the development of truly innovative soft- 
ware and fundamental breakthroughs in software design public support 
of research institutions will continue to be needed even if copyright 
protection is provided. 

In any event, it is clear that encouragement of software design, 
whether through copyright protection or by other means, ie. ampoktant as 
an element in the stimulation of economic growth. Declining costs of 
computer hardware and expanding opportunities for automation imply that 
computer hardware and software together will play an increasingly cru- 


cial role in our economic future. 
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OVERVIEW OF THE: ISSUES 


A. Historical Perspective 
Since the passage of the 1909 copyright act (and in some ways, since 


the enactment of the first U.S. copyright law in.1790) it has been neces= 
sary for the courts and the Copyright Office to interpret that act in the 
light of PeeHasionnedl. and business advances. Two trends have.emerged: 
‘First, utilitarian (non-artistic) creations and compilations of date such 
as interest tables and telephone books have been found to be copyrighteble.2?* 
Second, tue cetekionenis of the copyright act to the products of and infor- 
mation transmitted by new technologies has frequently created difficult 
cases and often bad, or at least unclear, law. Among these technological 
advances have been sound recordings, radio and television broadcasts, 
photocopying, and cable bavevistons> 

Although the Supreme Court has expressed teneceonateeten that encourage- 
ment of individual effort by personal gain is the best way to advance 
‘public welfare through the talents of authors and uvatorecest” the 


decision concerning new techniques have sometimes appeared to ignore that 


conviction. (Fortnightly and Williems and Wilkins are perfect examples.) 


= Edwards and Deutch Lithographing Co. v. Boorman, 15F. 2a 35(Tth 
Cir. 1926). “ 


2 Leon v. Patific Tel. & Tel. Co., 91 F. 2d 484 (9th Cir. 1937}. 
3 Among the more distinctive cases are: White-Smith Music Publishing 


Co. v. Apollo Co., 209 U.S. 1 (1908) (Piano roll not a copy of copyrighted 
music); Capitol Records, Inc., v. Mercury Records Corp., 221 F. 2d 657 

(24 Cir. 1955) (phonograph record not copyrightable); Williams & Wilkins 
Co. v. United States, 420 U.S. 376 (1975) (Wholesale governmental photo- 


copying no infringement); and Fortnightly Corp. v. United Artists Television, 
Inc., 392 U.S. 390 (1968) (CATV system does not "perform" works it makes 


available to its customers.) 
Mazer v. Stein (347 U.S. 201, 1954). 
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As a result several copyright revision bills have in gacene years been 
considered by Congress; these addressed various parts of the issue of the 
proper scope of copyright protection in light of new technology .+ The 
1969 revision bill (S.543) and the version finally enacted in 1976 

(P.L. 94-553) each contained a section (§ 117) that stipulated that the 
case law on the use of copyrighted works in computer systems would be 
unaffected by the new law. In an action which may have permitted the 
passage of the new copyright. act, the National Commission on New Tech- 
nological Uses of Copyrighted Works (CONTU) was established to recommend 
legislation in the area of the reproduction ana use of copyrighted works 
by computer and photocopying systems.“ 

In general terms the conflict to be resolved is that between the desire 
for a free flow of ideas, on one hand, with the establishment of incen- 
tives for the creation of ideas on the other. This balance is addressed 
by the copyright and patent laws, both of which grant, under certain cir-— 
‘cumstances, limited monopolies to the creators of inventions, books, and 


“other forms of products of intellectual creativity. 


\B. Specific Issues in the Area of Computer-based Information 


There are three basic questions that underlie this discussion of the 
proper scope of copyright protection: 

(1) What is ize peaauets i.e., what exactly is copyrightable inthe 
context of items used with the aid ofa ‘nee system? 


(2) How do we define usage in this context? 


eee example, see H.R.2512 and S.597 (1967), S.543 (1969). 


2b .L.93-573, enacted on Dec. 31, 1974. The Commissioners were appointed 
on July 25, 1975. 
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(3) How do we detect and monitor such usage? 
These questions obviously do not pertain only to information used in a 
computer or automatic data processing system. There are natural parallels, 
say, to the use of copyrighted phonographic recardings by radio stations 
or the transmission of copyrighted still or motion pictures by means of. 
television. But in the computer field these questions can not simply be 
answered by analogy with other forms of communication. 

Although the Commission has received considerable Hesteaoay and ace 
on whether input to, storage in, or output from a computer whould con-— 
stitute usage,~ we shall take a step back to the basic maeeine prin- 


ciple which has given rise to these questions: 


Prinetple 1.1 The more complete and certain the specification of pro- 
perty rights, the greater the level of economic efficiency that fa Boesieie. 
It is because of this principle that one seeks to define what is meant 
by property in reference to information used by a ee system. As 
the Data Base Subcommittee has indicated, it seems a tas that the in- 
tention of oxneseee was that computer data bases he seunrasnes a proper 
subject for copyright.” However in the discussions of proprietary rights 
in computer programs and software, arguments have been made for protection 
by means of copyright, patent, or the trade secret laws.” Tt 46 in the 
comparison between protection by means of copyright and reliance on trade 


secrecy and restrictive licensing that the contrasts are most apparent. 


Copyright promotes disclosure while trade secrecy results in minimal 


tee, e.g-., Data Base Subcommittee report, Feb. 18, 1977. 
“Thid., p.l. 


spor example, see D. Bender, "Trade Secret Protection of Software," 
G. Washington Law Review 38:909 (1970); C.N. Mooers, "Computer Software and 
Copyright," Computing Surveys 7 (March 1975), 45-72; and O.R. Smoot, “Develop- 
ment of an International System for Legal Protection of Computer Programs," 
Communications of the ACM 19 (April 1976), 171-174. . 


disclosure and desueceisa (if it works). 

We shall examine the economic issues such as the trade-off between 
tive incentives to create and the incentives to use new information or 
products. Although we shall not be able to disregard completely many of 


the legal issues, they shall not be in the forefront of our discussion. 


€. Introduction to the Economic Analysis 


The subject of copyright gives rise to a seibes of complex economic 
issues. After pointing out some fundamental relationships that will 
underlie our discussion, it is well to begin with a survey of these issues. | 
From there we turn to a brief indication of the soaieneton.cé these issues 
to which one is led by economic analysis. Our report then turns to a 
rather more seebine discussion of a number of these matters, and ends 

‘up with a careful description of a novel and powerful method by which 
one can evaluate one of the key issues in the area -- the optimal length 
‘of copyright. | 

The need for copyright or some substitute arises from what economists 
call difficulty of exclusion from the use of printed material, software, 
--and various other such products whose initial cost of production is quite 
high but for which the cost of replication is very small. Ability to 
exclude means that the producer of such an item can prevent a potential 
cuser from employing it unless that person is willing to provide payment 
for the item. Difficulty of exclusion means that. people can help them- 
selves to the item without payment and with little or no fear of untoward 
consequences. Such goods, particularly when they are expensive to produce, 


normally will find no private suppliers. Firms will surely be discouraged 


from investing in new software if the products will be Ged ately 
available to anyone for the taking. To prevent this is, of course, éue 
purpose of copyright. It is intended to protect the investment of firms > 
that put resources into valuable new products, not only as a means to 
protect the interests of those firms, but perhaps even more important 
from the social viewpoint, to encourage the production of valuable items 
from whose use it would be difficult to exclude anyone without such pro- 
tection. | 
However, there is another side to the matter which will play an in- 
portant role later in the analysis. These same products which seem to 
require #tatutory protection are also,generally, items which, in the. 
view of economists, should be offered with maximal encouragement of 
Widespread use. That is, these items generally involve a heavy site) 
cost of development to which little or nothing is added when there is 
an increase in number of users. This is in sharp contrast with other 
products such as food or clothing in which additional eave requires 
substantial additional use of resources -- additional users are not free. 
Thus, economists argue, while goods like shirts or potatoes should have 
a high price wépiestine the high costs imposed by additional users, 
there is something undesirable about a comme Nsurately high price for the 
use of a software package since that high price will discourage wide- 
spread use even though such added use costs society little or nothing 


over and above the sunk cost of development of the package. 


D. Issues in Copyright Policy 


Having discussed the logic of the underlying problem we can turn next 


to a listing of the issues which must be faced by copyright policy. In 
the following section we will see how the analysis which has just been 
summarized helps us to provide a fruitful avaruation of these issues. . 

The most obvious issue that arises in this area is whether copyright 
is the only way to go about dealing with the problem tiat comvntane pro- 
tection is designed to solve. As a matter of fact there are several al- 
Pennacives to copyright, and the issue is to determine whether anyone of 
them as generally better than the others, or, what may be more likely, 
whether some work well in some circumstances while others are better 
suited under different conditions. 

Since copyright is intended to protect the interests of those who 
invest in the design of certain types of new products and to encourage 
that sort of investment, an obvious alternative to copyright is the pro- 
vision of added protection to industrial secrets. If a potertial in- 
vestor in a software package can be made to feel reasonably confident 
that others will be unable to discover the secrets underlying his pro- 
duct so that he will be able to retain a monopoly over its use, then that 
may perhaps be as effective a stimulus to this sort of investment as. 

copyright protection. 

There is also a third possibility where neither secrecy nor copyright 
protection is applicable or effective, then private iavagtnent will ob- 
viously be discouraged. In that case the substitute possibility is in- 
vestment by the public sector. This helps to explain the heavy invest- 
ment of government agencies in a wide variety of nee of research, most 


notably in basic research which is preponderantly carried out under govern- 


ment sponsorship. 


Thus there are alternatives to copyright, el we will re the next 
section that for each of them there are areas in which it promises to: 
be more appropriate than the others. 

The second set of issues that arises in the eden oe ene ct policy 
is the nature of the terms that should be permitted. Hore several issues 
arise immediately: 

(1) Over how long a period should the copyright extend? 

(2) Should the length of copyright be uniform for all items protected? 

(3) Should there be any restrictions upon the monopoly power conferred 
upon the holder of a copyright? 

(4) In particular, should there be compulsory licensing of the copy=- 
righted product? i 

(5) If there is compulsory licensing, how should the eet ae be set? 

(6) Should there be classes of uses or classes of users of copyrighted 
products who are exempted from the copyright provisions? | 7 
Finally, there are a variety of issues that arise in ey out 

copyright policy in light of the complications inevitably injected sys 
reality. These force policy-makers to accept compromises which Sun be 
avoided altogether only in theoretical discussions. Only two examples 
will be offered, both of them arising because of problems of enforcement. 

First, are there types of use which should be aveaptea from copyright 
protection, not because their exemption is inherently desirable but 
because the cost of entering copyright protection autepene areas exceeds 
the potential benefits of enforcement? If so what can one say about the — 
nature of such exemptions? (This is one of the issues eddrecaed by the 


"fair-use” section (§107) of the 1976 Copyright revision.) 
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Our second example relates to charges for the use of aspevented 
material. Here the question is whether the imposition of charges based 
directly on use is always practical, and if not, whet alternatives con- 
stitute a second-best solution. 

This brief discussion has been intended to provide a short list of 
the main scenes issues involved in copyright policy. It certainly 
does not oretena to be exhaustive nor does it even begin to suggest the . 
_nmoneconomic (e.g., legal, political and social) issues. This list should, 
however, serve es an adequate working framework for our discussion. 

We proceed now to a brief commentary upon each of these issues, 
-indicating how economic enalyete suggests they should be viewed. After 
that, we will turn to a somewhat more extensive examination of several 


of the more crucial topics. 


E. Copyright and Its Alternatives 


We have indicated that copyright is only one of three avenues to en- 
courage investment in the development of the pertinent Bee adieces. 
trade secrecy and direct government investments being the two prime al- 
ternatives. What is the appropriate role of each of these instruments? 

Later we will discuss in some detail the differences in the con- 
sequences of secrecy and copyrighting. But, in brief summary, secrecy 
necessarily restricts the range of direct users of the product involved, 
whereas copyright does not necessarily do so and certainly does not do 
it where there is compulsory ieeneine at reasonable prices. Second, 

“resort to secrecy does encourage expenditure on product features which 


inhibit discovery of the secrets. There are other costs, extending even 
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to outlays on espionage which this process encourages. On the other 
hand, if the copyright remains valuable as its expiration data approaches, 
this can encourage research expenditures whose only purpose is to ore 
product variations just sufficient to justify a new copyright, an exercise 
which obviously has little payoff to society. 

Secrecy is likely to work most effectively where the uncopyrighted 
product is an intermediate good which is itself used in the production 
of other goods, e.g.,; if it is a computer program used to process other 
people's data. When this is the case it is easier for the ‘neeeeen <6 
earn the cost of his investment without revealing his geass hendice dite 
product need never leave his hands. On the other hand, if the investor 
must rely for his earnings on the sale of the uncopyrighted product it- | 
self (e.8-s by selling the program itself to users) then it is very dif- 
ficult to retain secrecy. This distinction paduealis aunaents the sort 
of item in which innovation can be expected in the absence of copyright _. 
protection, and the sort of product which requires copyright if private | 
investment in development is to be obtained. | 

But there are reasons why the third way of obtaining this Somes 
investment -- direct government financing —- should at least sometimes 
be utilized. We saw earlier that for at least some potentially sopynipies 
able products the cost of serving additional users is negligible, so that 
& high price which discourages use is undesirable soeraay: However a 
very low price is likely to be incompatible with recovery of initial in- 
vestment outlays for its development. Where this is a significant con~ 
sideration (and precise conditions for this case can be eenneseted -- 
see Baumol and Ordover [1977] appended to this report), t nei eeteber 


copyright nor secrecy will be in the social sueecentt for noth oeeekee 


Baumol , W.d.. and Ordover, J. As; 'On. the TS Fess. 1 -of Public-Goods 
Pricing with Exclusion Devices," Kyklos 30 (1977) Fase. i; pp. 5-21 
(eopy attached). 
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via the extraction of prices sufficiently high to bring a return that 
will be attractive to private investment. It is clear that in such a 
case, if the investment in the product is worthwhile to society but 
compensatory pricing is not, then the only alternative is government: 
financing. Even if one were to think of another method of making such . 
investment attractive financially to private enterprise, it would, by 
definition, be no more satisfactory than the use of copyright or reliance 


on secrecy. 


-F. Terms of Copyright 


We come next to the issue of which conditions should be applied to 
the granting of a copyright where that is the procedure adopted. | 

The first issue to be considered is the period of time over which 
the copyright should remain valid. It is shown in detail in this report 
that this is an issue which need not be settled ad hoc, on the basis of 
tradition or compromise. There are strong economic considerations which 
can serve as an underpinning for an analysis of optimal copyright life. 
‘The point is that a very short copyright period will fail in its purpose 
by being insufficient to attract any significant amount of investment 
-into the development process. On the other hand a very long copyright 
period can extract an excessive price from society by granting monopoly 
powers to investors for an excessive period. The optimality calculation 
consists of a balancing of these two considerations to determine that 
duration of copyright which maximizes its net contribution to social 
welfare. 

This immediately indicates that, at least in principle, the ontines 


period of protection will vary from case to case. It will depend on the an- 


nual profitability of the investment, the magnitude of the monopoly price 
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extracted from the public, the "natural" rate of ahcieeecues of the i. 
product of the investment~ and a variety of other such considerations 
which are indicated specifically in detail later in our analysis. That 
means that one industry or one type of product may call for a copyright 
life different from another. A computer program may be encouraged most 
effectively by a copyright lasting x years while a novel mae eall for a 
y year sate Obviously, @ case-by-case approach to copyright period 
is totally impractical, but it is certainly worth considering whether the 
establishment of, say, two or three different categories of meterials 
eligible for copyright protection, each with its own copyright period, 
May not be desirable and feasible administratively. Often it has proven 
to be true that where administrative simplicity calls for uniformity 
while other efficiency considerations call for variability, a very small 
number of categories add very little to administrative costs and yet 
contribute enormously to ebb eteney -- sometimes capturing the bulk of 
the gains that are potentially available. It is because of this possi- 
bility that this wenn devotes So much space to a model for the evalua- 
tion of optimal copyright duration. Should it. be determined that the 
possibility of several copyright periods is worth further expicreticn, 
our model indicates just how this issue should be investigated. 
Other potential provisions of the copyright that require comment 
are the idea of compulsory licensing, the possibility of restrictions 


upon pricing and the notion of exemptions from the terms of the copyright 


aT general, for example, the optimal period of protection will 
be less than the useful economic life of the item covered. This is neces— 
sary in order to make sure that the net gains from the project are shared 
by the investor and by the general public. Obviously, the latter's gains 
are limited until after the expiration of the copyright since before that 
time the copyright holder may be able to use the monopoly power it confers 
to extract the bulk of the gains flowing from the copyrighted product. 
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of savers categories of use or certain categories of users. 

All of these possibilities share one common feature. Each of them 
“constitutes some restriction upon the avenues which the holder of the 
copyright can use to pursue profits. This means that, if statutory protec=- 
‘tion is to serve as. an incentive for investment in cha ppoaustion of material 
subject to that protection, any provision of the eG ane anaes 
discussion must weaken this incentive .~ To achieve any given degree 
of stimulation of such investment, a price ceiling, a requirement of 
. licensing or other such restrictions must be offset by a commensurate 
improvement in some other inducement, e.g., it may call for a counter- 
“vailing increase in length of the period of copyright seseice. But 
we have seen that a lengthening of this period is not without its social 
cost, so that the decision becomes a trade-off in which the advantages 
-expected to flow from the restrictions in the copyright holder's isnepaiy 
power are balanced against the social cost of the lengthened protection 
“period. 

Compulsory licensing and restrictions upon the price charged for a 
license obviously must constitute a gain to those who decide to acquire 
28, license as well as to the customers for their products. This will 
necessarily be so since those who obtain a license do so voluntarily, 

.and hence to them it must be worth its price. Without compulsory licensing 
‘they would be deprived of this gain. 

But one must be careful not to jump to the soneiisten that this is 
‘@ net gain to the community. It is equally Sevnete that compulsory 
licensing must constitute a net loss to the holder of the copyright, at . 


least in his own view of the matter, for otherwise there would be no 


1 s a nee : 
This argument only considers the economie incentives for investment 
in the production of intellectual works. There are, of course, other 
_incentives. ; . 
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need to compel him to issue licenses. ‘There is, in ganevei no easy 
way to judge whether the net result will be a social gain or a social 
loss. | 
Since one of the purposes of the copyright is to protect the interests 

of the initial investors in the new product and stimulate investment in this 
area, this all counsels the desirability of. proceeding with caution before 
adopting measures that erode these gains. | 

There is another argument that suggests a similar view, the near 
universal evidence that increasing complexity of Hanietsey provisions 
tends to undermine the effectiveness of the regulatory process. When 
that process is impeded by a complex body of special exceptions, complex . 
provisos and intricate modifications, 6 workings of the process are | 
all too often sidetracked into concentration on administrative detail 
rather than substance. | 

This becomes even clearer when one considers the possibility of ex- 
ceptions -- Sheutiaearrade Mietade of users be exempted from copyright 
restrictions either because they are considered pareseenay avaeeuo us 
or simply because they cannot afford the fees? There may be cases Where 
the political realities or some other special considerations justify such 
exemptions. However, there are two important reasons such general ex- 
emptions are difficult to justify on economic ground 2 First, every 
such exemption means in effect that the burden is then shifted to some=- 
one else. Generally, if the prices of the product are to remain com- 
pensatory every exemption will require a rise in the prices paid by 


other users. It may be highly desirable that society provide subsidies, 


1 : F : 
In the following section of this report we will however encounter a. 
ease in which such exemptions are justified by the high cost of collection 
of fees for certain types of use. 
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say, to certain classes of nonprofit users, but there seems to be no 
wenden to require the burdens to be borne by other users of the same 
‘copyright. Economists are not opposed to all subsidies, but ‘where they 
support tem they prefer general subsidies that are provided openly and 
explicitly and financed by the community as a whole through the tax 
system, rather than subsidies which are concealed and extracted from some 
fortuitously chosen group from whom it happens to be convenient to obtain 
the funds. | 
There is a second reason why economists seeciiy do not favor broad 

exemptions of pabtioular classes of users. As we have noted earlier, 

& price for the use of some copyrighted material always tends to dis- 
courage its use ~-- the higher the price, the less use will generally be 
made of the product. Now a zero price to one group of users compensated 
by a higher price to other users will cause a lopsided change in demand 
patterns which generally cause a larger overall social loss than a 
balanced spread of the price increases. There are carefully worked out 
principles in economic analysis which indicate how the social losses from 
such distortions can be minimized, and these principles are generally 


2 
‘inconsistent with broad exemptions, 


(GG. Compromises Required in Practice 


As has already been noted, even if an ideal copyright system can be 
designed in theory one can be sure that jt will require considerable ~ 
compromise to make it workable in eeaeete: Thus, we noted that while 
ideally the length of the copyright should vary from musaaee.-86 product, 


in reality such lattitude could only result in an administrative nightmare: 


. See for example, Y. Braunsteirn,, "An Economic Rationale for Page and 
Submission Charges by Academic Journals," Center for Applied Economics 
Discussion Paper, New York University (1976). a 
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At least two other compromises also suggest themselves immediately, 
though others will undoubtedly arise in practice. 

First, the economic principles of optimal charging which were drsvuasea 
in the preceding section call not only for payments to be borne by all 
classes of producer, but also for payments to be required for scene ase 
For example, if a charge is imposed upon photocopying of metevtets pro- 
tected by copyright, such a charge should, ideally, he required for every 
such act. Yet (aside from the issue of fair use) with current technology 
it is literally impossible to monitor every instance of photocopying 
done in a library or elsewhere. Consequently, user charges for the 
photocopying of copyrighted material can only be approximated at weer 
One may be able to impose a flat fee on a photocopying machine or upon — 
a library, or one can base a payment upon the number of recorded uses 
of a photocopier. However, these all tivelve three serious compromises: 
First, there is no way of knowing whether it is the individual who uses. 
the copyrighted material who actually bears the cost. Such a crude age 
ment process must bear as heavily upon the person who copies his own 
handwritten page as upon the person who copies a journal article to eceia 
buying that journal. Second, payment will generally not correspond | 
Asani ¥6 the amount of use of material under copyright. Finally, 
there is no way of allocating the payments among the producers of the 
copyrighted materials in proportion to their use. One is driven instead 
to resort to some sort of pooling arrangement such as the Heese to 
compensate composers of music. Fixed annual payments for partormangie: 
of recorded music are, for example, made by the seisvisdon eee to 


the composers’ organization which then divides these proceeds among the 


composers on the basis secane rule of thumb. This is all a very crude 
approximation to the theoretical ideal of payment proportioned to use, 
but enforcement and administrative problems leave no choice except . 
some such compromise arrangement. This type of accomodation may fre- 
quently have to characterize payment under copyright in the future. 

A second compromise which seems unavoidable is the exemption of very 
limited usage, for example the photocopying of a single reproduction 
of a short passage from a journal. The main argument for such an exemption 
from the viewpoint of the economist er that such a limited use is 
"Pair", but rather that potential gains from payment for such limited 
use are likely to be swamped by the administrative and policing costs. 

The main issue raised by the necessity of compromises such as have 
been discussed is whether they should be written into the rules of 
copyright with an attempt to fix the boundaries of permitted compromise, 
or whether one prefers to permit time and usage to soften the working 
rules formulated without exceptions. But this is a choice which lies 
outside the economist's area of special competence. It is therefore 
appropriate to turn from this outline of the general issues, iets more 


careful examination of those directly amenable to economic..analysis. 
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IMPLICATIONS OF ECONOMICS OF PRICING FOR STRUCTURING PROTECTION 


OF COMPUTER SOFTWARE AND COMPUTERIZED DATA BASES 


The main purpose of this Chapter is to apply some recent advances in 
the economic literature on pricing decisions to the question of the scope 


‘and nature of property right protection that the society should grant 


_ to those who develop and disseminate computer software (CS, hereafter), 


and to computerized data bases (CDB, hereafter). The major premise 


‘thet underlies the discussion in this section of the report is that the 


applicability long-cherished principles of incremental cost pricing to 
‘the pricing of CS and CDB is severely hampered for two basic seueeaie. 

(1) The structure of the costs in the STI industry is, in general, 
such that with prices set at the incremental cost of providing an addition- 
‘al user with the CS package or with the use of a CDB the production 
costs will not be covered. 

(2) Onee we grant a property right to the producer we vest him 
with a certain degree of monopoly power. It is well-known that a mono- 
polist has no incentive to set prices at incremental cost. The question 
then seiweacae to the kind of pricing policies that the iene aeittee should . 
be allowed to engage in. | 


It should be noted that in this section we abstract from the difficult 


‘problem of the duration of the property right. This is the subject of 


Chapter IV of our report. We begin by stating some fundamentals 


of pricing and then show how those fundamentals bear on the question of 


“copyright. 
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A. Economics of Pricing: Some Basic Principles 


In the introduction war tage already noted some difficulties in 
‘applying the long-cherished principles of incremental cost pricing to the 
pricing of computer software and to computerized data bases. The diffi- 
culty that we isolated stemmed from the fact that with ee set at mar~ 
ginal cost the total costs of CS and CDS can in general, not be recovered. 

This problem is best illustrated with an example. Let us assume 
that the development, maintenance and updating costs of a particular 
Piece of software, i.e., the fixed costs, are $10,000. The cost of pro- 
viding the package to an additional customer, i.e., the marginal (or 
incremental) cost is 10 man hours at $50 per man-hour, or $500. If the 
firm charges $500, then the initial costs will be uncovered. If the firm 
charges anywhere above $500, there is a resource misallocation. To see 
“this, note that the cost of serving an additional buatenee is $500. Con- 
sequently, all customers who are willing to pay this amount should be 
-allowed to purchase the commodity. If the price is pushed above $500 
because the firm must be able to recoup its total costs, then some pro- 
spective customers who are willing to pay the cost of providing then 


“With this commodity will be priced out of the market. “Thus 


Principle 2.1 If the price of a commodity is set above its incremental: 
‘cost, some prospective consumers who are willing to pay that incremental - 
cost will be deprived of this commodity. | 

We should note that Principle 2,1 applies not only to commodities 
but also the services that various commodities provide. To illustrate, 
if the (incremental) cost of accessing one additional entry in the biblio- 
graphic data base is five cents, and the price of an dececu ds 5 1/2 cents 


then all those users. who are willing to pay less than 5 1/2 cents 
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will not make the additional search of the bibliographic data base. 


Unfortunately Prineiple 2.1 clashes with the following 


Principle 2.2 If the firm is operating at the point at which there are . 
economies of scale in production then it cannot cover its total conte 
by charging prices equal to the incremental cost. 

To a non-economist this principle is not as oe as the previous one. 
It is-imperative therefore that we explain carefully the concept of economies 
of scale. This is best done with an example. Consider, therefore, a firm that 
is producing one output, a particular software package. The total cost of 
pioetataa this CS package to 100 users is $5000. If output (sales) | 
double then total costs of production increase to $9000. Thus doubling 
of output causes the total costs to increase less than two fold. 

The presence of economies of acele can easily be inferred once it 
is sgeaptetned that in the relevant range of outputs the average cost 


is decreasing with output. This situation is depicted in Figure 1. 


Average 
cost » 

Marginal 
cost 


REVENUE 


0 eT a A Output, Sales 


Figure 1 
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On the vertical axis, we measure in dollars per unit of pibnue the 
two types of costs: the average cost and the marginal cost. On the 
‘horizontal axis we measure output. To fix ideas, the reader may think 
of output as being the number of sales of a particular CS package. If 
the firm charges the price equal to OF, its sales are OA. The revenue 
is given by the area of a rectangle OABE. The total cost is, however, 
equal to he area of OACD. Hence, the deficit is equal to BCDE. 

We have been less than careful in specifying the notion of output. 
-In some cases it may be perhaps relatively easy to specify and menduve:. 
what the output is. It may be, as in the example above, the number of. 
CS packages sold. Or, in the case of CpB, it may be the number of biblio- 
graphic entries extracted from the data base. We shall, however, not 
attempt to deal with the questions of the appropriate measures of output 
but rather assume that output is well-defined and neasieeniac 

If we leave the unrealistic world of a single-product firm for the 
“more likely multi-product firms, it becomes more difficult to ascertain 
‘those situations in which the marginal cost pricing is not feasible. 


Here, it suffices to point out that a conceptual difficulty arises. be- 


' seause in such firms the notion of the average cost is not well-defined. 


And as we have seen, the marginal cost pricing is not feasible when, 
,in the relevant range of outputs, the marginal cost is below the average 
cost. (Luckily, even in multi-product firms, the marginal cost is -- 


at least in theory -- always identifiable.) Why, then, do we have these 


lois issue is discussed in detail in W.d. Baumol, "Scale Economies, 
Average Cost and the Profitability of Marginal Cost Pricing," in Essays 


in Urban Economics and Public Finance in Honor of William 5. Vickrey 
(Lexington, MA: lLexington-Heath, 1975). 
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difficulties with the average cost in autbiceroducs firms? The answer 

is that Seeeenieeas unlike accountants, do not believe that there exists 
an analytically defensible method of allocating genuine fixed costs among 
the various products marketed by the firm. Any attempt at allocation is 
inherently arbitrary. Consequently, depending on the allocation method, 
some of the products may be priced at the marginal nent while others are 
not. But a change in accounting practice may lead ta the revision of 

the cost allocations and, therefore in the list of udee commodities 

which can be priced at incremental cost. Fortunately, es we shall see, 
the economic theory of pricing does not hinge on the notion of the average 


cost but focuses instead on the marginal costs. 


Princtple 2.3 In a multi-product firm average cost pricing is arbi- 
trary because the relevant average costs cannot be rationally computed. 
In order to motivate our discussion later in the chapter on non- 
marginal cost pricing, we digress for a moment in order to eanateee the 

cost structures in various segments of the scientific and technical 


information industry (STI). 


B. Costs in the STI Industries: Empirical Analysis — 


1. Examples from the scientific journal publishing sector. 

Our econometric studies of the cost relationships in the journal 
publishing sector of the STI industry revealed that both single and 
multi-product firms generally meet the Baumol tests to¥ the infeasibility 
of marginal cost pricing. We undertook three separate studies -=- one 
was a cross-section analysis of the publishers of 56 journals; the other 


two were in-depth studies of large journal publishing organizations. 
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We present a summary of our findings below.? 

Our cross-sectional study of journals indicated that, within the 
sample range, the annual costs of publishing a journal declined as the 
number of different journal (titles) published by the same publisher 
increased. This inverse relationship was estimated by a statistical 
regression shalyaie of cost and output data of 56 journals from three 
years. (These data were collected by B Fry} The regression technique 
allows us to isolate the effect of the number of journals has on cost 
from the effects of changes in the circulation and in the number of pages 
‘published per year. In pevetaulaads a publisher with 36 journals would have 
average costs of approximately 80% of a single journal publisher after 
correcting for circulation and number of pages. 


The exact equation estimated was 
logIC = -.735 + .171D, + -588 log C + .793 log P -.0621 log J. 


In this equation, the journal's total annual cost (TC, in $10,000's) 

is a linear function of its circulation (C, in 1,000's), the number of 

pages published per year (P, in 100's), and the total number of journals 
‘published by this publisher (J). There is also a “dummy variable" (Ds) 

‘which indicates that the costs are higher for journals in the scientific 

and technical fieldg. Each coefficient was statistically significant (4ifferent 


from zero}and the R° was 8524. 


1 our detailed findings are presented in W.J. Bawnol and Y.M. Braunstein, 
"Empirical Study of Scale Economies and Production Complementarity: The 
Case of Journal Publication," Journal of Political Economy, October 1977. 


e Fry, B.&} H.J. White, "Economics and Interaction of the Publisher-Library 
Relationship in the Production and Use of Scholarly and Research Journals", 
final report, Nattonal Science Foundation Grant GN-4398 (November , 1975 )« 
Also published by Texeneronstent se 
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This cross-section procedure has associated with it geyerel aiffi- 
culties. The major one is that the pacseuenta costs from a multi-e 
journal publisher necessarily involve an arbitrary apeeunvenk te alloca- 
tion of fixed costs (generally overhead, administration, ete.). The 
presence of this problem in our data was confirmed by our finding that 
statistically there appeared to be no fixed costs; all reported costs 
could be divided into those varying with changes if circulation and those 
varying with number of pages. | 

For example we estimated the following cost function for six Journals 


from one publisher for nine years using standard econometric methods: 


TC,, = -.168 + -184C, + -647P, : 
where 
TC,, = cost of each journal i (i =1,...,6) for year t 
(t = 1,..:,9) (in $10,000) 
Cee = circulation for journal i in year t (in 1000's ) 
Pie = pages published by Journal i for year t (in 1000's). 
The’ R° was .978. This again shows that costs are linearly related to the 


circulation and the number of pages. Here the constant term (-.168) was not 
statistically significant. More formally we could not reject the hypothesis 
that the true value was zero (at the 95% level). | 
But we know iene are fixed costs in publishing Journals. Among . 
the possible explanations one that has a4 great Gea’ of logic and Spe 
peal is that most publishers (or their accountants) allocate these 
fixed costs among the various titles on the basis be pages eirculation,. 


or some other factor correlated with one or both of them. If true 
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this indicates that we cannot capture all of the economic phenomena in 
which we are interested aniags we find some way to obtain unallocated 
gost data. 

In addition to describing statistically the production process in 
general, our other interest was in confirming (or denying) the presence 
of production achip emanbaried es in the publication of journals. Here 
the idea, in non-formal terms, is whether the consolidation of publish- 
ing activities or the combining of publishing and other activities results 
in savings over doing these things individually. The econometric problem 
was an interesting one: could we develop a specification (a relationship 
between costs and outputs) that enabled us to measure compl anbntateies 
and scale economies without, a priori, prejudging whether or not they 
existed? 


One family of specifications that has just these properties is 


C=a, + a.x, + a,x, + a.,(x yy 


0 niga! a*o 1*2 


where 


‘C--= total costs 


x and X5 = outputs, and 


se ear 


Here the as and Y are numbers whose magnitudes sie! a be estimated econo- 

Metrically. | 

It can be proved that if G58, and a, are positive (and a, = 0), we have 

scale economies but no complementarities in production. If, in addition, 
‘ 


a, is negative, these complementarities do exist... 


Ae | 


1S66 Baumol and Braunstein, op. cit. 
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We employed this analysis using two alternative Bees of dete The 
data in the first case study came from a publisher with two distinct 
types of journals -- those reporting original research and those con= 
taining ‘vanslaeiens of articles first published ih ariotiex language. 
_The cost data were annual costs for each of nine years. The output data 
were indices that indicated both the magnitude of sivoulet ton and “he 


number of pages in the two types of journals.. Our estimated cost. . 


function was 


2 x SO. 
TC = 562.8 + 2.388, + 8.008, - 345.7(8,8,) 


where 
TC = Annual costs (in $1,000,000's). 


The R° was .8012 (but the F was 6.72 because of the low number of ape 
servations). 
This first analysis confirmed the existence of scale ene and pro- 
auseion complementarities. Therefore we can conclude that the consoli-~ 
dation of publication of the original and eranslation feaueeie resulted — 
in cost savings. _ 7 

The second case study involved an organization which has affiliated 
with it a large number of learned societies, each ag which publishes 
a journal as well as providing other services and activities for its 
Members. The data covered fourteen years of operation Hs twenty-five 
of the affiliated societies. Using these data we eeu and measured 
the economies that arose from the combining of neabeeset and publishing 


activities. 
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The estimated function was 


1 


153.4 + 1.86M + .680P - 13.17(mP)°° 


TC 


where 


TC = annual society costs (in $10,000's) 


pages (in 100’s) 


tg 
it 


membership (in 1000's) 


ac 
TT 


The Ro was .794. This confirmed the wueseuce of Ssenpntes from the conm- 
bining of activities. This time the range of the observations was much 
greater than in our previous calculation. The number of pages varied 
from 20 to 3000 per year and membership ranged from 6000 to 18,000, 
giving us observations that can be considered to fall very close to the 
axes and the origin. However, we are less certain of the implications 
of this cost function because there is necessarily a high correlation 
between membership and circulation and because we were forced to use 


number of pages alone to measure the publishing activity of the societies. 


2. Scale EZeonomies in Computer Software and Computer Data Bases. 
a. Computer Software (CS) 

There is an increasing tendency cou computer systems managers to 
utilize standard iwotead of custom-made computer software. Tile change 
has partly been caused by the wnbundling of computer software and hard- 
ware and has partly resulted from the underlying svecbnitnes:. 

In the first place, standard software generally ee 
far fewer logical errors; secondly, it is more flexible in 
that it has been created for generalized criteria, making 


it easily classifiable and, therefore, readily adaptable to 
the ever-increasing requirements of the users of data processing; 
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it is easily programmable and thus lends itself to shortening 
substantially the critical phase, rapidly achieving results 
and, in sufficiently reliable conditions, attaining ultimate 
objectives .1 


However, the production of computer software closely parallels the 
process of publishing in that there are substantial "first-copy" costs 
that must be incurred irrespective of the number Gb Geass peoadeed 
and sold. If the computer software is a complex operating system, 
for example, there may also be substantial costs associated with the 
production and installation of the second. oe later “copies.” Here 
if these costs decline with each additional unit produced (possibly be- 
cause of “learning-by-doing") or if some of the pre-production invest- 
ment is generalizable to all of the copies, there will be economies of 
scale in the production of computer software. 

We were able to obtain some estimates of the development costs 
of one large on-line retrieval system. This system cost upresimaveny 
$1,000,000 to develop (including hardware acquisition) over a three year 
period. ‘This development cost has been divided into five categories. | 


(The approximate percentages of the total follow each category. } 


Software Design/Implementation 510% 
Hardware Acquisition | 60-70% 
Maintenance. —5=10% et 
Testing & Experimentation — 10% 
Marketing & austen 7° 10% 


ae Leggio, “Economic Results of Technical Decisions in Large Data 
Centers," in A.B. Frielink, ed., Economics of Informatics, (New York: 
American Elsevier, 1975). 
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The organization that created it is now marketing this tain The 

development costs amounting approximately to $250,000 “ $300,000 (the 
sum of the design, testing,and marketing costs) are, we Giese partially, | 
fixed costs that do not have to be repeated for each "copy". This | 
certainly indicates that there are substantial economies of scale in 


the production of additional copies or versions of this operating system. 


b. Computer Data Bases (CDB) 

Here again an analogy with publishing can be shown to be reasonable. 
The development of a CDB also has large initial costs relative to both 
the cost of making additional copies and to the cost of periodic up- 
dating of the data base. The time profile of the costs of one CDB 


are shown in Figure 2. 


Annual costs 
(in 300 


$1000's) 
200 


100 


Figure 2 


In addition to the scale economies in the production of CDB, there 
&> 


may also be substantial complementarities in production. (Production 


complementarities occur when it is less expensive to produce two products 
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together rather than esse) The interrelation between scale eco- ~ 
nomies and production complementarities can be seen in the speratious 
of the abstracting and indexing services. For example, the American 
Society of Civil Engineers produce printed and machine readable abstracts 
and indices as part of the same eueeelvens: The development costs for 
this computer-assisted abstracting and indexing system were ienotteavety 
$25 ,000. “tt now costs less than $2,000 per month for the input of 100 
items .* : : : ee | 

The econometric studies reported in this section Jesd us to the: 
following tentative conclusion: Most STI systems -- scientific journals, 
CS, CDB == are characterized by scale economies and in many cases by 


production complementarities. 


C. Setting Prices to Cover the Costs 


We have seen already that marginal: cost pricing e desirable pro= 
perties from the standpoint of the society. Thus, if price is equal 
to marginal cost, all those who are willing to pay the oe are per 
force willing to pay for the resource which is used to provide them with 
the commodity in question. Ideally, then, we would like to have all 
the commodities priced in this manner. For 4 single-product ee or 
for & multi-product firm in which all fixed costs can te rationally 
allocated among various products, i.e., when fixed costs are product 
specific, the simplistic prescription is to switch feck marener cost 
pricing to the avergge cost pricing. By definition, a firm that iinet 
& price equal to or exceeding the average cost can recover all its costs. 
Sevelne- setae the difficulties associated with the definition of the 

t 566 P.A. Parisi, “Composition Innovations at the American Society of 


Civil Engineers,” presented at the 1975 IEEF Conference on Scientific 
Journals, p. 33. 


II-14 


SULA fap ae eM iage shen 


average cost, we shall demonstrate that average cost pricing has little 
to recommend it except in a rather unlikely situation which we shall 
soon describe. Consequently in this section we shall provide some gen- 
eral principles which should guide those responsible for setting prices. 
The rules to be developed apply to firms that sell an identical product 
to various categories of users as well as to the firms which sell a 
variety of products. More importantly the same sets of rules apply 

(a) to a firm which attempts to maximize the welfare of ‘ee coneunere 
subject to the proviso that the firm earns an adequate rate of return; 

(b) to a firm which strives to maximize its profits. 

In order to simplify our exposition of the basic rules, rer with 
the very simple case of a firm which sells one commodity. That commodity, 
however, is bought by two distinct classes of users. For example, a 
cs sacvane is sold both to profit-making firms as well as to nonprofit 
research institutes. What distinguishes those two groups is, however, 
not their goal but the responsiveness of their demands to changes in 
the price for a CS package. In economics the aeeeune of responsiveness 
of demand to price changes is known as the elasticity of demand. More 
formally, the elasticity of demand is given by the percentage change in 
demand as a result of a (smail) percentage change in product price. | 
Mathematically, if Q-is the quantity sold and P is @ product's price, 


then its elasticity, e, is given by 


4 Ag AP ) 
ee Wa) 


of 


where the symbol A stands./for change. For example if some price in- 


Me 


creases from $3 to $5 than AP is equal to $2. Similarly, if that price 


te 
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increase causes sales to drop from 10,000 units to 8,000 units then 
4Q is simply 2,000. If e is greater than one it is said that demand is 
elasti¢é. Similarly, if e is less than one, the demand is said to be 


inelastic. In Figure 3, we depict two demand relationships which 
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reflect the quantity sold a function.of price. 


EN 


Qy Q, : Quantity Sold 


Figure 3 


At the price equal. ‘to p? the same quantity, ois sold in both markets. 
However, the demand relationship b"D" is less elastic at the currents 
price than is the demand relationship ppt. Note that @ price inerease - 
from - to e reduces the demand in the former market to Q, and to a0. 
in the latter. Clearly qa exceeds Qe | 

We have argued before that, if feasible, the price should be set 
at marginal cost. In many markets the forces of competition for con- 
sumer's purchases accomplish just that: competition drives aoa ihe 
price to the level of ere cost. In our example that price favecual 


to PB: say. If the firm does not break even at that price, the price 


must be raised. There will be an undesirable decrease in the quantity 
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' sold; this reduction will be most substantial in the markets in which the 
demand is. most elastic. | | 

It turns out that we can give a rather precise measure of the loss 
to the society caused by a deviation of the price from the commodity's 


marginal cost. In Figure 4, we plot only one demand relationship. 


Quantity 


We assume, as before, that the marginal cost is again equal to P 
It can be shown that, at least under some assumptions, the loss to the 
society from a price increase can be well approximated by the area of 
the shaded triangle ABC. In our example this area is obviously given 
by (1/2)-AQ-AP. It measures the loss in consumer's surplus Bee result 
of the price querenses . 
Tine interested reader is referred to R.D. Willie's "Consumer's Surplus 


Without Apology,” American Economic Review, 66 (September 1976), pp.589-97, 
for a full review of the concept of consumer's surplus and its uses. 
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Principle 2.4 Consumer's surplus measures the difference between the 
maximum amount that a consumer would be willing to pay for a given 
quantity of any commodity or service rather than to go without it and 
the actual amount that he pays for that quantity. 


To illustrate, with price at P. the consumer's surplus is given by 


Q 


the area of the triangle PoBD- If the price goes up to P,, consumer's 
surplus decreases to the emount given by the area of the triangle P,BD. 
It should be already clear that if marginal cost pricing is not 
feasible then prices should deviate from the inet nad cost in such a 
way that the total joss in consumer's surplus is minimized end et the 
same time the total cost of the operation is covered. As it is apparent 
from our Figures 3 and 4 for any given price increase the area of the 


welfare loss triangle will be the smaller the more inelastic the demand 


curve. Hence, we have this general rule: 


Principle 2.5 If prices cannot be set equal to marginal cost(s), then 
percentage deviation of price from the relevant marginal cost should, 
vary inversely with the elasticity of demand. 

In otherwords, in those markets in which serene react. strongly 
to price changes, the price should be get close to the incremental nese 


However, in those markets in which sales do not respond significantly 


tine validity of this Principle is, however, limited to those 
instances in which the change in price in one of the firm's markets 
does not affect the sales in other markets served by the firm. In 
other words, the rule stated above is valid when there ere no cross- 
elasticities of demand. When these cross-market effects are present 
some modifications have to be introduced. We shall not discuss those 
complications here, but rather refer the reader to W.d. Baumol and 
D.F. Bradford, "Optimal Departures from Marginal Cost Prices," American 
Economic Review, 60 (June 1970), and J.A. Ordover and k.D. Willig, 

On the Optimal Provision of Journals Qua Excludable Public Goods," 
forthcoming in the American Economic Review. In particular, in the 
second of the two papers, the authors derive workable pricing rules for 
the case of interconnected markets. 
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to price increase, the price should be marked-up substantially above 
incremental cost. It should be apparent why in the economic literature 
our Principle 2.5. is refered to as a Inverse Elasticity Rule of optimal 
pricing. | 

It is important to realize that a firm which is allowed to srices 
discriminate, i.e., to charge diverse prices for the same commodity 
if it strives to maximize its profits it will follow e rule similar to 
the one just stated: it will change a high price in the inelastic 
market. The difference between the prices set by the profit~oriented 
firm and by the firm which has also the interests of the consumers in 
mind is that the former firm will set prices that will be uniformly 
higher than those set by the latter.” What is important about Prinetple 2.6 
is that it can serve as a valuable guide to firms since its use will 
“enable them to earn a higher rate of return on their investments. 

Charging diverse prices for an identical product is referredto as 
price discrimination. Some forms of price discrimination are ica ans 


sidered illegal. However, what is not often realized is that 


Principle 2.6 Price discrimination may often benefit not only a pro- 
ducer but also consumers. Furthermore, in: some situations it is the adie 
way by which ea producer can realize enough revenue to induce him to pro- 
vide a socially desirable product. 

We should close this section by pointing out that the general econo- 
mic theory of pricing as just described, applies to a firm which serves 
More than two distinct markets as well as to the firm which sells more 

ace. Weds Baumol and J.A. Ordover, "On the Optimality of Public-~ 


Goods Pricing with Exclusion Devices," Kyklos, 30 Fasc. 1 (3977). pp- sees 
[Copy attached]. 


II-19 


than one distinct product. In the latter case the marginal costs may, 
of course, differ from a commodity to a commodity. Still we would find 
that in a multi-product firm prices should be set in such a way that 
for each commodity percentage deviation of this commodity's price from 
the respective incremental cost should vary inversely with the elasticity 
of demand for this commodity. The percentage driatien can be readily TF 
calculated as (price minus incremental cost) <= (price). Ip the “Menual 
of Pricing and Cost Determination for Organizations iiwazaa in Dissemina~ 
tion of Knowledge, the authers provided e survey of javtous pricing 
methods that could be effectively utilized by producers of computer: 
programs and data bases to improve their financial position. Without 
going into the details of the argument here, we may suggest nevertheless 
that the length of the patent or copyright protection could be shortened 
if the holder of a patent or of a copyright can reap high returns in the 
initiel period of patent or copyright protection for his CS package or 
CDB. : 

We shall now turn to ascertaining what are the jmplications of this 
general. theory of pricing for the proper senictune of copyrignt protection 
of software packages and data bases. We shall refer to the theory just 


elucidated as the theory of optimal pricing. - 


D. The Implications of Optimal Pricing for ie Rear ueeyy Protection of © 

CS and CDB. 

There are important lessons to be learned from the theory of optinal . 
pricing for the proper structuring of copyright laws. We begin by 

teee this Report for more detailed information concerning this argument. 
Wed. Baumol, Y.M. Braunstein, D.M. Fischer, J.A. Ordover, New York Uni- 


versity, April 1977, prepared under the grant SIS74-12785 from the Divi- 
sion of Science Information of the National Science Foundation. 


TI-20 


reminding the reader of our basic assumption -=- supported by some en-. 
pirical evidence -- that in the software and data base segments of the 
STI industry, marginal cost pricing is not feasible because of a sig-= 
nificant fixed cost component in the total cost. This fixed cost will 


have to be recovered from the users/buyers of the commodity. 


Let us note that one of the purposes of statutory protection is to 
secure 4 return to the developers of CS and.cDB sufficient to induce them 
to provide those products to the market. Conseguently, the content and 


scope of that protection should be such as to secure the necessary 


return at the minimum dislocation to the efficient allocation of resources. 
From the standpoint of society that misallocation will be minimized if 

the prices to all users follow the inverse elasticity rule. This implies, 
in particular, that the scope of the protection should be quite 

wide because without such protection it will not be possible to charge 

the prices that are desirable under the inverse elasticity rule. Speci- 


fically it should enable the dwner of the legal “rights” to collect 


payment for the use of his product. To summarize, 


Principle 2.7 Unless there are strong reasons to the contrary, the re- 
covery of the fixed cost component of the total costs should be spread 
over as wide a set of customers and users as feasible. (The contrary 
reasons include the costs of collection, presence of externalities, and 
income distribution considerations, and will be discussed in the sub- 
sequent sections of this Report.) 

The prescription contained in Principle 2.7 is consistent with the . 


theory of optimal pricing. To see why, let us consider a firm, say a 
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developer of a computer software package, who can sell a CS package 
outright to the users -- firms or nonprofit research institutions -- 

who then have free and unlimited access to the package that is stovet dnc. 
the computer's memory. Let us assume, for simplicity, that once the pro- 
gram is stored in the memory it costs nothing to make it available to 

the user. In other words, the incremental cost of providing the ser-_ 
vice of the program is zero; the stored computer program is « public 

good in the sense used in Chapter I. But should the price per 

use be zero? The answer is no. Note that. the fixed cast hes to be re- 
covered. This can be accomplished by charging prices, perhaps different, 
above the marginal cost to the two classes of buyers. (‘These two prices 
will be different if the two demand elasticities are different.) The 
marginal cost that is relevant is the cost of installing and maintéining 
the package. Now, if-a user charge is levied then there will. pena in- 
flow of revenue from this source. True, some users will, in Berea: 

be discouraged, causing a resource aiautivectum. However, because of 

the user charge the ie saint ees ean ke reduced to stimulate the 
purchases of the package thereby also bringing the price closer to the 
marginal costs of installation and maintenance. This downward variation 


in prices will, by definition, improve resource allocation. In otherwords ~ 


_ Principle 2.8 Spreading of revenue collection over a wide ee Peat | 
of users reduces the welfare loss which arises from the inability to. 
price the commodity or service at the relevant marginal cost. 

The ability to charge user fees is desirable because it spreads the 
burden of paying for ne fixed costs of the package ever a wider sisi 


of customers. There is, however, little reason to expect that a firm’. 
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which is granted the privileges of charging user fees will necessarily 
lower its basic sale prices. Instead, it is likely simply to keep the 
larger profits that can be obtained from this source. However.this 

result is not unnecessarily undesirable, because it may enable ‘ia scene 
to reduce the period of statutory protection. Hence, by sowie the 
firm to earn greater profits initially the eocléty cen reduce the time 

it waits for the full benefit that will accrue to it em ee new con- 


puter software package or a data base. 


Principle 2.8 The more sophisticated the pricing policy of a firm 
the higher are the net revenues that it can expect to earn during the 


period that its product is protected by a property right be it in the 


form of a trade secret, patent or a form of a copyright. — 


Incidentally, the annual loss to the community from the mpaopely power 
conferred by copyright can be measured in the same way as the misalloca-— 
tion loss from quasi-optimal pricing. In Figure 5, we plot a demand 
curve for a service of some product whose marginal cost of production 
is given by mc®. | | 

Price, 


Marginal 
Cost 


eo Qk . Sales 


Figure 5 
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If perfect competition obtains in the production of this commodity, 

then the price will be set at P° and the quantity sold will be a. 

Let us assume next that by employing some specialized computer program, 

the firm is able to reduce the marginal cost to mc, If it does not 

have to license its new progrem to competitors, then for the Aieett an 

of the copyright it will be able to charge the initial sohte pos keep= — 
ing all of the savings for itself and es ate of them on to consumers. 

The firm's monopoly profits will be given by the area of the rec- 
tangle (Mct) ac (Mc°). Some of these profits will be charged against 
the costs of developing the cost reducing innovation over which the firm 
has @ copyright. The loss in social welfare per year of duration of 
the copyright is measured by the area of the triangle ABC. This triangle 
Measures the consumer's surplus that is lost because the firm has mono-- 
poly power over the copyrighted cost-saving innovation. 

In theory it is rather simple to calculate the social loss due ta 
monopoly power. In. practice such calculations are very difficult to 
carry out. It suffices to point out that estimates of annual welfare 
losses due to monopolistic pricing practices in the American economy 
vary from one ican of one percent of national income to around six 
percent of national tneéme There is Suara ea no easy way to 
determine the percentage of that loss that can be attributed to monopo= 
listic pricing in the STI sector of the economy. If we sadune that total . 
knowledge producing industries in the United Stetes comprise anywhere 
from 16% to 28% of the Gross National Product, then the welfare loss 
originating in the STI industries must edestee a rather small 


Bee A. Bergson, “On Monopoly Welfare Losses," American Economic 
Review 63, (December 1973), pp. 353-871; and J. Hirshleifer, Price 
Theory, Prentice-Hall, 1976, pp. 287-8. 
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percentage of the cup .t 


Clearly, the more ingenious the pricing methods se oped iy this 
copyright holder, the larger is the consumer's surplus that the firm . 
will be able to extract from the buyers of its products. In deciding, 
therefore, on the appropriate duration of the copyright, the policy- 
Maker must weigh the benefits of speeding the moment at which the society 
can saute the full benefits flowing from the cost~saving invention 
against the costs of extracting substantial monopoly profits during 
the period throughout which the copyright is valid. As we have seen, 
the scope for realization of monopoly profits depends Se range of 
prices that the firm can legally charge. | 

The urgency of capturing the full benefits of the innovation can be 
measured by the social rate of discount or time preference. For example, 
if the social rate of time preference is 10% then a doller's worth of 
benefits a year from now has a present value of approximately 90 cents. 
Consequently, if the discount rate is high, early capture of invention's 
benefits is particularly beneficial. It is not obvious how such an 
early release can be Lestat ie ean an interplay of the allowable 
pricing practices and the duration of protection. Surely, the scope 
and the duration of protection should be so chosen as to generate 2 
requisite rate of return to the firm. If the duration of protection is 


ime lower figure is from M.U. Porat, The Information Economy, vol. 1 
Center for Interdisciplinary Research, Stanford University; the higher 


from F. Machlup, The Production and Distribution of Knowledge in the 
United States, Princeton U. P., Princeton, NJ, 1962. Both numbers - 


are reported in Porat, op. cit., Table 4.1, Paceos 
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short, the firm must be allowed to earn significant Ee sere prortes’ 
early in the period. But the society sais heavily those initial 
losses in consumer's surplus relative to the full benefits that will 
accrue in the future. To reduce those early losses, monopoly profits 
must be diminished, eonceivably by restricting the BEQDe of discrinina- 
tory pricing and other special pricing practices. On the other hand 

if early profits are low the duration of protection must be ayeended in. 


order to secure the requisite rate of pebitesgnnaaies amanty 


Principle 2.9 The minimization of social welfare loss ig to monopoly 
power can be accomplished by an interplay of the Length of protection 
and &llowable pricing practices. For ee if it is necessary that 
@ particular innovation be fully exploited as goon aS possible the 
society may opt for a very low compulsory license fee. coupled with the 
assurance that the Sa stiaes will have a long sinacer pee meres 
new products .* | | 

It should be noted that our case oe user fees does not rest on 
legal considerations, for example on whether or not ine ise of a soft- 
ware package constitutes a violation of the ide tetene Our preference 
for user fees stems from the application of optimal. mine analysis. 
Yo repeat, the theory suite fox positive percentage deviations of prices 


from marginal costs for all goods and services provided by the firn. 


Tyor a similar discussion in the area of regulation see V. Goldberg, 
"Regulation and Administered Contracts," Bel. Journal of Economics 7 
(Autumn 1976), pp. 426-448. Goldberg discusses the issue in terms of 
protecting the producer's right to serve. 


tw 


See "Legal Protection of Computer Software," Computer/Communica- 


tion Secretariat Report of Working Group No. 12 peearanves 1976). 
Canada. 
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E. Some Extensions of the Theory of Quasi-Optimal Pricing and Their 
Relevance for the Structure of Copyright Laws | 


The standard inverse elasticity formula discussed in Section II-C 
has built into it several simplifying assumptions. The one simplifying 
assumption that was already discussed earlier stated that there are no 
cross-market effects of price changes. Unfortunately, the complications 
that have to be introduced into the formula to take account of the 
effects of a change in the price of one product upon the demand for 
another are not easy to describe. Fortunately, the implications for 
the proper structure of the copyright law in no way depend on those com- 
plications. 

There are other considerations, however, which may have signifi- 
cant implications for the nature of copyright skeen. The first 
involves the problems of income distribution. We observed earlier that 
the welfare loss from monopoly pricing can be fairly well approximated 
by the triangle ABC of Figure 5 which measures the dimunition in shi 
sumer's surplus resulting from "incorrect" prices. Now, the decision- 
maker may well consider the loss in consumer's surplus in one Market to 

be more serious than an equal loss in some other market in which the 
ssenndaey =~ a os package or a CDB =~ is sold. This differentiated 
evaluation should lead the policy-maker to reduce the price in the mar- 
ket in which losses of consumer's surplus are considered highly detrimental 
and to raise the price in the remaining market or markets. For example 

@ new computer routine can be used to improve the manufacture of various 
commodities bought mostly by low-income people as well as to lower the 
costs of some luxury commodities. If the demand for luxury commodities 


is more elastic than that for the necessities the profit maximizing 
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firm which follows the inverse elesticity rule (see Principle 2.6) will 
set a high price in the latter market and a lower price in the former 
market. However, for reasons of equity the society in general will 
value more the loss of s. dollar a benefits ta the low income groups 
than a loss of a dollars worth of benefits to the high income groups. 
Consequently, from society's standpoint welfare lass figures have to 
be modified by correction factors designed to reflect the policy-maker's 
concern about income distribution.- | 

The profit-maximizing firm, however, is not concerned with the 
niceties of differential evaluation of welfare losses. It focuses on 
elasticities of demand and sets prices in accord with what the traffic 
will bear. But the policy-meker can introduce Incentives which will 
cause the profit~oriented firm to respond, at least partly, - those 
differentiated evaluations. The simplest route, perhaps, ie 46 reduce 
the period of copyright protection for commodities sold in the preferred 
markets. Such a veweuls have to be accompanied it outa seem, by 
a compensated increase in protection elsewhere in order to guarantee 
the rate of return judged aseagam to stimulate the developed process. 
A reduction in the period of protection in the socieliy favored segment 
of the warket,. holding the flow of new products constant. would increase 
the pool of substitutes which would be available at low (or zero) prices. 
This increased competition would tend to increase demand elasticity for 
the CS package or CDB that has just come on. the market. We have seen 


already (cf. Principle 2.5) that an increase in the elasticity in demand | 


Ieee R.D. Willig and E.E. Bailey, “Ramsey-Optimal Pricing of Long 
Distance Telephone Services," Bell Laboratories Hconomic Discussion 
Paper #77, January 1977. 
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reduces the profit maximizing percentage mark-up of a price over the 
relevant incremental cost. Consequently such policy may have the desired 
effect of lowering the price in that sector of the market in which it 
is important from a social standpoint that the loss in consumer's 
surplus be held down to the ninimun. 

Unfortunately the policy prescription just stated may suffer from 
two seshepe fatal difficuities: | 

- (1) It is not obvious that the flow of new products will not be 

adversly srrecced by the reduction in the length of protection. - 

(2) The compensatory extension of the length of protection in the 
socially less-favored segments of the market for CS and CDB may prove 
to be of little economic value. 

Let us take up each of those points starting with the second one. 
The value of an extended life of the property right depends on the addi- 
' tional profits that can be earned because of this extension. If the - 
economic value of the property right eudines eters the end of the 
period of legal protection then the extension is valueless. There is 
some evidence that the economic life of a new product is much shorter. 
than the period of Legal protection, particularly in the rapidly develop— 
ing segments of the STI industry such as computer software. The average 
economic life of computer software has been estimated to be around 
three years, which is substantially less than the proposed period of 
legal svouactian. However, there are two additional considerations: 
First the variance may be high; some CS packages (e.g., BiMed, SPSS, 
etc.) may have relatively long economic lives. In testimony to CONTU, 


toanada Department of Consumer and Corporate Affairs, Working Paper 
on Patent Law Revision, Ottawa, Canada, June 1976. 
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Lockheed estimated the economic life of the DIALOG operating system to 
be on the order of ten years. Second, the documentation can have an | 
independent copyright thus enabling the creators to obtain payments 

from eneeeseba. It is likely that these two soueiisrattens go band-in- . 
hand; i.e., CS with longer economic lives nay be the CS for which the 
documentation can be independently sbtay. Nonetheless, it may be that the 
"1 ong-livea" CS's are just those we seek to pisbect because of their 
usefulness to society. Therefore a deoee eireragereconenie: life is not, 
per se, an argument for a shortened period of protection. | 

Tt is also arguable that a manipulation of protection length in 
the various sectors of the market for CS and CDB nay ee rEOE the flow 
of new products. In addition, there may be senate ss in the products‘ 
design so that the products would be more suitable for use in those mar- 
kets pices eoapetl isn is less strenuous. This long-run effect -~ the 
alteration in the flow of new products -- can reverse the short-run, - 
transitory benefits which may accrue to some users because in the short- 
run the flow and composition of the new products | will not be significantly. 
affected. 

This, ener den ects: -ereebanece guarded argument against verious 
exemptions that have been sontempinted in the copyright Law. Those 
SREUERE GRE simply exclude various EXQUES from. EOD CER OUEST E their share 
of the Satat cost of producing and Peer ene the. BEC OUCH: The pro- 
penente of such exemptions must implicitly : assume that hers are Sue 
explored profit margins in the other segments of the market foe ‘STI in 
which the producers can make-up their lost revenue, and that there is 


a clear case for this sort of cross-subsidy by the one type of consumer 
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by another. Thus we have this loose economic rule: 


‘Prinetple 2.10 Exempting some users from payment or arbitrarily re- 


stricting the charges that can be assessed against them leads to in- 
creased costs and charges to the less-favored users. 

_ Similar remarks apply to the proposals for compulsory licensing. 
Under compulsory licensing, the prices charged. in all markets may weil 
turn out to be uniform. Such pricing is not necessarily desirable 
either from the standpoint of profits or social welfare measured by 
ie eexe of consumer's surplus generated in the industry. This follows 
from our previous analysis which revealed that some form of price dis= 
crimination is preferable in general to uniform prices. The effect 
of compulsory licensing serves to reduce nisenels profits but the undesirable 
long-run effect of such aieeneine may be a reduction in the flow of new 


products to the market place. 


Principle 2.11 Compulsory licensing and other artificial restrictions 
on prices reduce the welfare loss from those products that reach the 
market. However, the total effect of such restraints may be undesirable 
if it impairs the flow of iinovaions) 

We close this chapter of our report with a conclusion, albeit ten~ 
tative one, that the protection afforded tc the producers and dissemina-— 
tors of CS and CDB should not include unreasonable restrictions on the 
admissible pricing schemes. If the pricing practices employed by the 
producers are found undesirable they should be attacked directly, using 
the existing antitrust laws. In addition, if it is found that legal 


prices charged by the producers are undesirable for reasons of income 
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distribution or externalities that are generated by some buyers 
of CS and CDB, then those problems should be also attacked directly, 


through subsidies, for example, of some classes of users or producers .* 


F. Transactions Costs in Computer Information Systems 


We have noted previously that the likelihood that transactions costs 
will be high can lead either to a decision against user fees, in general, | 
or to the exemption of certain classes of users from payment because 
the volume of usage by them is so small that it is not practical to 
levy a charge. The economic ieee is the comparative efficiency of 
user charges versus free provision and the relative magnitude the trans- _ 
actions costs. For this comparison to be valid it is necessary that 
all tne encoun nee billing, collection, and enforcement costs be in-. 
cluded as transaction costs. | 

The level of these costs will. depend on the coverage required and 
on the form of the license. For example, if infrequent use in pevsougaay? 
owned mini-computers is exempted, the transactions costs for the col- ~ 
lection of royalties for the use of some computer progrems mey be sane 
stantially reduced. Similarly, blanket licenses generally resvit.in '~ 
lawer accounting costs for one or both parties because detailed infor- 
mation on the level of usage is not eaaiaee: | | 

Operators of aes different types of computer systems provided us 
‘with estimates of the costs of monitoring of use, accounting, billing, 
etc. One was a hence Mummes bureau" organization vith a large number 

Tee6 J.A. Ordover and R.D. Willig, "On the Role of Information iy | 
the Design of Social Policy Towards Externalities," Center for Applied 


Economics Discussion Paper #76~03, New York University, for a eulde 
to various methods of coping with external effects. 
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of customers. They estimated that their transactions ebite-vere 
generally 15 to 18 percent of total costs. The other siventnutie 
“operated only an on-line information retrieval system. Their costs of 
monitoring and recording usage were approximately 10 to 15 euceut of 
their total system costs. However, it is important to nBte that in 
neither case do these costs include the expense of determining how to 
disburse daw seovaveiee or fees due to copyright owmers. 

The obvious archetypes of a clearinghouse that collects royalties 
Sua then makes payments to the copyright owners are the performing 
rights societies. ASCAP usually has been able to hold the level of its 
operating costs below 20 percent of its revenues. Tis APbuscenedt 
costs are a function of the payment scheme used. The ides ARR 
information required (by monitoring or some reporting plan) the more 
expensive it will be for the parties involved. In general, usage of 
a variety of goods or services such as copyrighted works does not follow 
a uniform distribution. In fact, usage is usually highly skewed. To 
aber example from the photocopy field, the British Lending Library 
reported that of the 14,967 serial titles in their i neteone the most 
requested 210 titles accounted for 20 percent of the demand far photo- 
copies while the 6000 least requested titles amounted to only 10 percent 
of the demand .> This sort of skewness can lead to a substantial reduction 
in monitoring iia other transactions costs if there is some minimum level 
of usage for which no royalty payments are distributed. On the ee 
hand, the absense of such ae “threshold” may require quite accurate and 


1ly.B. Line and D.N. Wood, "The Effect of a Large Scale Photocopying 
Service on Journal Sales," Journal of Documentation 31:241 (1975). 
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complete monitoring to insure the detection of the smallest levels of 


usage. 


III 
THE CONSEQUENCES OF TRADE SECRECY AND COPYRIGHT PROTECTION FOR THE . 


QUALITY, VARIETY AND QUANTITY OF NEW PRODUCTS 


In the last chapter we discussed some implications of economic 
theory of pricing for the structure of -property rights that are to be 
granted to producers of software and data bases. In particular we found 
that there exists a trade-off between the length of protection afforded 
‘the producers and the breadth of this protection in terms of allowable 
pricing practices. We also argued that there are strong reasons for 
not interfering with the price mechanism through the copyright laws 
but rather for leaving the stamping out of the undesirable pricing 
practices to the authorities responsible for the enforcement of the 
antitrust statutes. Specifically we tentatively concluded that if copy- 
right protection is in the end extended to the producers of CS and CDB 
they should be entitled to sophisticated user charges and that no | 
classes of users should be exempt from payment. We also noted that com- 
pulsory licensing may have undesirable conaedaenwes for the long-run 
flow of new software and data bases. 

The Aocuseion in the last chapter implicitly assumed that some form 
of statutory protection will be in place. In this chapter we examine the 
differential’ impacts of trade secrecy and copyright pecpecenes on the quality, | 
variety and the quantity of new commodities that will be available in 


the marketplace for the computerized scientific and technical information. 
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Specifically we shall find that trade secret protection biases the qual- 
ity of new output in the direction of unnecessary complexity. It also 
channels the innovative efforts into those forms of software which are 
not particularly well-suited to general use. In other words trade secret 
protection is particularly detrimental to private provision of non- 
specialized, general interest types of software. Copyright protection 
@iminishes that type of distortion. Certainly under compulsory li- 

' censing the producers would strive to provide the product with as vide 

a applicability as possibie. 

There are no general conclusions 6 be drawn as eons guantity of 
the new products that would be forthcoming under various neeimes of 
property rights.as compared to the socially optimal quantity. . Copyright 
protection may be expected to intensify competition in the software and 
data base industry, vis 4 vis a situation that would be obtained under 
trade secret protection. It has been shown by various authors that 
competitive structure of the industry is not necessarily most conducive 
to innovative effort. In fact the purpose of copyright protection is 
to transfer a competitive situation into a (temporary) noncompetitive 
one. | 

Protection based on trade secrets may lead to larger concentration 
in the software and data base industry which may be more conducive to 
the optimal flow of new products. It is well known, however, that the 

i+ is often argued that if compulsory licensing is instituted the 
unusual tastes may =go unsatisfied. For example some say that if General Milis 
were to have to license the production of Cheerios it would optimally 
adjust the receipe to conform to more standard tastes. 

eror a recent mathematical study of the problem of the interrelation-~ 


Ship between market structure and _vhe flow of new products see G. Lowry 5 
"Market Structure and Innovation," The Center for Mathematical Studies in 


Economies and Management Science, Discussion Paper #256, Northwestern 
University. 
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presence of trade secrets does often lead to Sie aieent duplication 
of effort because of informational imperfections. 

It is obvious, nevertheless, that the flow of products will be 
directly eiadea to the expected monopoly profits thet the innovator 
hopes to realize from the product. We have oben an the previous sections. 
that the welfare loss during the duration of the manopoly is the mice 
that the seek must pay in using copyright Si tes atenaat for 
investment in the development of new products. ue tones this period the 
more such investment it should stimulate, but the greater the interin | 
loss in social welfare. Weighing these two factors against Bie ee 
one must use them to determine how long this monopoly should lest. In 
part, the question may he somewhat academic in that the Séatiguke value 
of the copyright may evaporate iuch sooner than the copyright itself. 

For example, the economic life of ea doris package has aynpaesa some 
three years -=- much less than the prospective length of the copyright 


protection. (See our discusison of the relevance of “average” economic 


life in Chapter II-B above. ) . 

The question of the optimal length of protection can also be ren~ 
dered academic if the society opts for trade secret protection as Senaeed 
to the ceeeaeaee protection. Under @ trade secret Baoboach the duration. 
of effective protection is in fact s random variable whose reniieation 
depends on the success of the possessor of the secret in preventing .it 
from falling into the public domain. We do not, of Clee. ite lene data 
on how successful the possessors of trade secrets have been in securing 
their monopoly power. However, it is an interesting fact that the holders 


of patents have had 4 difficult time in defending their property rights. 


By, 
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As Professor David Bender notes, "statistics indicate that in about 

70 percent of infringement suits litigated to conclusion, the derenaent 
emerges the victor."'+ Although Bender realizes that patent puseeetion 
is inherently uncertain he seems not to note that the same applies to 
trade secrets. Unfortunately, we do not have comparative data on the 
riskiness of the two forms of protection. The substantial investments 
that firms make to protect their secrets do indicate, however, that the 
probability of losing trade secret protection is rather substantial. 


The expected probabilities of losing protection under the two dis- 


tinct regimes -~ trade secrets vs. statutory protection through patents 


or copyrights -- figure quite significantly in an evaluation of the 


virtues of the two systems. The mein criticism of trade secrecy is 
that, because it depends on the prevention of disclosure, it in- 
evitably leads to a wasteful duplication of effort. There is no need 
to recount here the horror stories that are being told about the dupli- 
cation of the programming work in many corporations. The costs of dupli- 
cation and the attendant waste must be weighed against the benefits 
of the probability of quick disclosure at a zero price to the general 
public. Thus, eres the idea of increased reliance on. poorer aa based 
on trade secrets is discarded those costs and benefits aie be ascertained. 
The general presumption is, wapeuinelcee. that the trade scope ustnea of 
creating incentives for innovation is inefficient. 

In the next two sections of this chapter we examine the structure 
of incentives for innovation under various regimes of property rights. 


tp. Bender, "Trade Secret Protection of Software," 


The George 
Washington Law Review, 38 (July 1970), pp. 909-57, 915. 


“See Bender, ibid., pp- 912-13. 
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We postpone until Chapter IV the discussion of the optimal dura- 


tion of protection. 


A. Qualitative Effects of Trade Secrecy and Copyright Protection 


The producers of products have not only the choice of how much to 
invest in the research, development, marketing, Hd, of new products 
but also a choice of characteristics of the products that will be 
developed. The effects on the choice of the ereauet or wavanets ake 
classified here as qualitative effects of protection. In other words, 
the nature of the protection that is allowed for intellectual property 
will aprect the quality and the variety of the commodities produced 
in the economy. . 

Trade secrecy protection favors developments of those products which 
cannot easily be duplicated or engineered backward. Consequently, 
under such a naples one is likely to find thet smauiewes will build 
into their products various special features that may coup cate ap- 
propriation of the secret by unauthorized users. For sienbie, there 
may be en unnecessary tendency for complication of he structure of the 
product, so as to obscure its sesential-wropertiés and inerease the Bees 
of unauthorized use. In computer programs news =r he amend for intro- 
ducing special safety devices. 

A typical list of features of computer programs which are cgesigned 
so as not to be usable by outsiders is the pouieeiies | 

(1) Frequent use is made of special features of the machine on which 
the program is currently running (such as machine language instructions, 
features which depend on the word length, on the vebresentabten of char- 


acters by bit=-strings, etc.) 
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(2) All comments, which may make the logical flow of ae program 
clear to a reader are omitted. 

(3) The loop structure of the program is unnecessarily complicated, 
with transfers of control back and forth within the code. 

(4) Mnemonic variable names, which could reveal the meaning of a 
variable are svelded: | 

(5) uaceadeuny portions of code are added to confuse a potential 
user. 

It should be clear that all these features reduce the social value 
of a program or software package, and do nese make it more diffi-= 
cult, or nearly impossible, for an outsider to use the program or ap= 
propriate its logic, but also make it harder for the original programmer 
to maintain and modify the program. But many programs are, in fact, 
written in the manner just described to protect them against non-paying 


users. 


Principle 3.1 Trade secrecy protection leads to the ucts Be ao etal 
resources through overly complex product design. Another distortion 

that may occur is that programs and data bases will be tailored to the 

' needs of specialized groups of users. By making the program more specia~ 
lized the developer minimizes its usefulness to others and diminishes 

the probabilities of disclosure. To borrow language used in the economic 
theory of investments in human skills, trade secret protection makes 
specific investment more valuable than general investment. General = 
investment is to be understood as the investment in the development of 


programs and data bases which can be employed by a wide variety of users. 


ise G.S. Becker, Human Capital (NBER and Columbia University Press, 
New York, 1964). 
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However, the more widespread the use the more difficult it is one 
the leakage of the technical desscription of the products into the ares 
domain which, in turn, undermines the protection afforded under the law 

of trade eiepeta, This suatiseeie variety bias of trade secrets has not 
been discussed in the literature. It seems, however, that it may be 

a cause of even worse misallocation of resources than the effort duplie 
cation commonly viewed as the most serious consequence of trade secrecy 
protection. To minimize this bias, direct support oo contractual. basis 
may have to be provided to those institutions ‘which may be expected 


to develop the general purpose programs or date bases. 

Pringiple 3.2 "Trade secrecy protection may lead to overprovision of 

specialized CS and CDB and to underprovision of eanevetias cS and 

CDB. Another form of the quality-variety distortion. occurs when, for . 

Hata bardanee of secrecy, the maintenance, revisions, and so on, of | 

programs and data bases is undertaken by the developer of the CS pack- 

age or CDB even though efficiency wovld dictate that this eee carried Si 

to some extent by the user himself. Far example, we ac tnekivenne ee | 

tions in the structural. analysis of buildings or sirplanes sracadaeed 

out by the owner of the program rather than by the firm which needs the 

calculations. It is not clear whether such an errangement is Bethiar 

for it necessitates @ significant flow of information pebueen the user 

and the owner. This type of use of a program, in which the user supplies. ni 

the data and receives the final results, but is not allowed to put his 

hands on the program itself, is particularly inconvenient when the program 
Ime economic analysis of this type of governmental support is provided 

in J.-A. Ordover and R.D. Willig, “On the Role of Information in the Design | 


of Social Policy Towards Externalities," Center for Applied Economics 
Discussion Paper #76-03, New York University. 
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in question. ought to be part of a larger model. For example, it is im- 
possible to apply an optimization routine, which the user may have avail- 
able on his own computer installation, to a structural analysis program 
which he cannot transfer to his computer, but for which he has to supply 
the input data for each run in prespecified form to the firm who owns 

the program. 

Lastly, we must allude to the fact that various forms of protection 
may cause greater or smaller reliance on bundling and tie-in sales. 
Bundling and tie-ins are widely used as a method of indirect collection 
of payment for a commodity for which exclusion of nonpayers may prove 
to be difficult. Thus, in the brokerage industry, research was routinely 
provided "for free" as part of services generally performed by wiseis 
Skanes 

With computer software, bundling fae take the form in which 2 
producer of a software package makes its use available Sesh Byeet: pro- 
vided the user runs the program on the producer's computer and purchases . . 
computer time simultaneously, at ae inflated nite, One would segeee that 
unbundling -~ perhaps partial -- would be a consequence of greater ae 
‘liance on copyright or patent protection of CS packages and CDBs. The 
possibility of unbundling arises in the regime of copyright protection 
because the sellers are not forced to collect payment through roundabout 
routes. Previously bundling and roundaboutness were introduced to. 
reduce the fear that the product will fall ie the public domain and 


lose any protection from the nonpayers. 


Prinetple 5:8 Copyright protection may reduce the efforts of the sellers 


of software and data bases to bundle their products with other products 
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or services for which the costs of collecting theosare price or user - 
fee are low. However, there would probably be & continued reliance on 
tie-ins for the purposes of extracting more profits from buyers of these . 
products. We have discussed the advantages and disudraneases of tie-ins 
elsewhere and there is no reason to review our findings at this point. 
Here we simply want to point out that bundling and (ielFus ian be used « ° 
as devices to increase the transaction costs of ideuaiowiiea ‘ine What= 
ever the reason for the use of bundling, there will be a gain in sponte 
and, in the short-run at least, losses in that eenipionent of social wel- 
fare that is measured by consumers’ surplus.” | 

Statutory protection through copyright or patents has as its corner- 
stone the disclosure of the fundanentel properties of the aaee With 
(more or less) full disclosure there will be no specie need to seston 
new programs to have features which increase the transaction costs of 
wneuthorized seecopuiet eis This leads to the bypothesis thet statutory 
protection may spur the development of general use programs. Under sta- » 
tutory protection, disclosure of the cheracteristics of the product to 

1 See WJ. Baumol, Y¥.M. Braunstein, D.M. Tischer, and J.A. Ordover, 


"Manual of Pricing and Cost Determination for Organizations Engaged in 
Dissemination of Knowledge," New York University, April 1977- 


“Bundling adds flexibility to the pricing schemes to be used, and 
in this way offers a potential to increase welfare in & wey similar to 
price discrimination, which was discussed earlier. If bundling is used 
by an unregulated monopoly, it will always increase profits. It may 
increase or decrease consumers’ surplus. An example where price bundling 
increases consumers’ surplus (and therefore social welfare, since it also 
increases the producers! surplus) is « case in which a software package 
will be developed only if the producer can recover costs through price 
bundling, but not otherwise. The users' willingness to pay for the pack- 
age Must exceed their actual peyments, by definition, since they are not 
forced to buy. If the package could not be produced at all, because of 
@ prohibition of price bundling, then the consumers" surplus would be zero 
in this particular example. But there ere also many cases where the use 
of price bundling reduces social welfare, as shown for example by Wood. Adams 
and J.L Yellen, “Commodity Bundling and the Burden of menopery > Quarterly 
Journal of Economies, XC (August 1976), 475-98. 


Bp areste 


the general public need not have Hiricioenk ateects on the profita- 
‘bility of any given product. As a matter of fact, the demand for the 
product -- a software package, for example -- is generally stimulated 

by knowledge of the product's availability. But such knowledge can be 
detrimental - profits. Improvement in the information about products 
increases competition for prospective buyers who now can make better 
choices. Competition, of course, drives down the rate of return on wai | 
commodities. Consequently, our hypothesis will be valid if the reduction 
in profits due to better consumer information is small relative to an 
increase in expected profits due to a reduction in the probability that 
the CS package will be appropriated without payment. 

It is implausible that statutory protection will have an adverse 
effect on the flow of specialized programs. Disclosure should not be 
harmful eortnese products. They are intended, to begin with, for a small 
group of users and in the limit for only one user. In those situations, 

the value of the product to others may be quite low and not worth tie: | 


price of "cracking" its structure. 


Princtple 3.4 We tentatively conclude that a shift from trade secrecy 
protection to statutory deoesetien should have stimulating effects on 
the variety of ne products developed and marketed by the software in- 
dustry. We expect that under the latter form of protection, private 
firms will have stronger ineentives to produce general use software pack- 
ages without substantial funding avin Giants from the government. — 
Funds for the development of general purpose software packages have 


occasionally been provided by the government and by private foundations. 
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For example, the Time Series Processor (TSP), an econometric package, 

was developed at the Harvard Institute of Economic Research with the 
support of the Energy Policy Project of the Ford Foundation, the Office 
of Emergency Preparedness, and addi eacned funds provided. by the parti- 
cipating academic institutions. NASTRAN, e program for use in structural 
analysis, was developed by NASA and then made available without charge 
to any potential. user. “Many general, purpose algorithms have else been 
written and. published. by academic researchers who performed sponsored 

or non=-sponsored research. A representative collection of these is con- 
tained in "Collected Algorithms of the Communications of the Association 


‘which is updated regulerly and is eveilable 


for Computing Machinery,’ 
to potential users for e small subscription fee that merely covers 
printing costs. One hopes that with a clearer form of protection for 
software, private industry may begin to develop the genepettaye progrems 


the development of which, until now, relied heavily on government sub- 


vention. 


B. Quantitative Hffects of Trade Secrecy and Copyright See 
In the previous section we noted that the mode of protection will 

affect the variety of products in the marketplace. It is equally clear 
that the choice of protection systems should affect the quantity of the 
SRomeees Thus , te te generally known that a monopolist will choose not 
only inappropriate preduct characteristics tut given the chosen product 
then will wmaeesertae it to the publics In the ‘agi eer have 
seen that the reliance on trade secrecy may cause the (prospective) 
developer to shy away from proanete that are intended for wide circula- 
tion because the costs of enforcing the trade secret are high for those 


types of products. 
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Abstracting from a product's characteristics, we may inquire about 
the supply of products under various forms of protection. The general 
result which emerges from theoretical discussions is that irrespective 
of the kind of protection,’ competition will tend to Frecpravae inventions 
and innovations with high private value, and simultaneously dndexprevide 
those with high social value. These are two opposing forces,. one of sheen 
tends to increase the supply of inventions over the socially optimal 
level, and another tendency which decreases the. amount. Which effect 
will outweigh the other depends on the specific situation. There will 
be an increased. supply of inventions and innovations which bring a pri-~ 
vate advantage to the supplier, possibly at the expense of the rest of 
society. On the other hand, inventions which are useful to society as. - 
a whole, but difficult to sell and therefore of relatively small value 
to the producer, will be supplied in a less than socially optimal amount . 
For example, Drograms which imitate or duplicate existing programs and 
_ therefore add very little to social welfare, but which enable the pro- 
ducing firm to capture a portion of the corresponding market and ee 
& lucrative business, will tend to be overproduced. But programs of 
a highly innovative nature, which could be beneficial for a wide variety 
of users for a long time period, but which it may Seeore difficult to 
market, will tend to be wnderproduced. The net effect can be an increase 
or decrease in innovative activity from the socially optimal opal. Suit 
it is clear that with competition the wrong kind of innovation will be 
forthcoming.” It is also clear that with competition a larger amount 

loor a discussion of these ideas, see J. Hirshleifer, "The Private 


and Social Value of Information and the Reward to Inventive Activity," 
American Economic Review 61 (September 1971), pp. 561-574. 
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of resources will be devoted to the production of any given amount of 
innovation than is socially necessary. . 

Under trade secret protection, the dangers of overprovision are 
magnified because there is lack of information as to the asi tine pro- 
eee Overprovision ai the regime will take the form of too many — 
identical pvoducts being developed by independent ieoausens. As we nave 
seen, hgerees the variety may also be affected adversely. 

Although trade secrecy may lead to an overprovision: of fete ceompatee 
software and dats bases, because of a lack of comtntientions at Sige: 
may lead to excessive concentration in the (eagetieeowal te care brings 
with it the monopolistic tendency to restrict output in order to main- 
tain higher prices. | | 

The proposition that there will be overprovision hdde competteaye 
market structure depends on the assumption that the number of firms which 
engage in the development of new computer software ear dete ee 
fixed. However, as we noted above, the use of trade secrets can lead 
to excessive concentration in the industry. The aergument can. he summarized 
as follows: Lack of information about existing CS packages places a ies: 
mium on the control of a large portfolio of those packages whenever 
there are some complenentarities between various itens of rece: ae 
the literature, those gains are referred to as economies of sespee Eco- 
nomies of scope exist whenever the total costs of producing two or more 
items of software in separation exceed the total costs of producing 
them in one firn.? | | _ 

tee John C. Panzar and R.D. Willig, "Eoonomies of Scale Bua: tec nentee 


of Scope in Multi-Output Production,” Quarterly Journal of Economics, 
(forthcoming), for a complete discussion of the concept. 


III-14 


The complementarities between various items of sopieee aay be 
attributable, for example, the ind srenunpeseriaey Detweks subsets of 
computer programs. If a firm cannot obtain the information about other 
programs which can be useful in the development of the new one then it 
will have to waste resources on reinventing the existing complementary 
software. A firm with a. large portfolio of programs is ee comparti-= 
tive aaeentaee voter a small firm with the proprietary programs. If 
copyright protection is substituted for trade secrecy then the flow of 
information is facilitated and firms can fully utilize the existing 


stock of knowledge. Hence 


Prinectple 3.6 Barriers to ara and hence competition, will be dimin- 
ished by a move from trade secrecy to copyright protection. 

Disclosure also facilitates competition because the downstream 
firms -- the purchasers of software -= have better knowledge of the 
available products. An improvement in conswner information should 
drive down the price. More imported: it may also ease entry ihe the 
upstream =-- software -- industry. Then the argument is that with better 
information the downstream firms can more easily search out alternative 
sources of Gain Hence, the well-established firms need not have 
& special advantage over the newcomers because the newcomers can adver~ 
tise widely and speciticaliy their products without the fear of losing 
trade secrecy protection. This discussion brings out a point which cur- 
iously seems to have been missed in the current literature, namely 
that disclosure not only reduces sels Seat duplication of the research 
effort, but also reduces search costs for the ultimate buyers. This 
reduction in search costs facilitates improved matching between buyers . 


and sellers and improves social welfare. 
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Principle 38.6 Copyright protection reduces the transaction costs of 
matching buyers and sellers relative to those costs that ould be in- 
curred under policy of trade secrecy. 

There is no agreement in the literature on innovations on the sign 
of the correlation between the market seniors and the flow of innova= 
tions. The Schumpeterian fice is that monopoly leads to improved flow 
of research over time. It adds credance, therefore, to those policies 
which lead to market concentration in the useeaean industry. That is, 
monopolization yields an improvement in i atervenporet allocation of re- 
sources. On the other hand, monopoly bas detrimental consequences for 
static or temporal efficiency: As we showed earlier, it leads to a loss 
in consumer's surplus. (There may be also # loss in producer's surplus 
if the marginal costs are not constant over some range spouts. 
Consequently, if our argument that trade secrets lead to market concen~ 
tretion is correct, then the gains in intertemporal. welfare which arise 
from increased concentration and the reduction in the duplication of re- 
search effort should be measured against the known static (temporal) 
costs of monopoly. a 

We found in this chapter that there are strong arguments in. favor 
of copyright protection in terms of the guality and variety of auteie 
of software and data bases. Trade arses protection Leads to overprovi- 
sion of specialized types of software and CDB's relative to the socially 
optimal level and ta the concommitant underprovision of general, widely 
applicable software and data bases. Those tendencies are attenuated by 


Ieee M.I. Kemien and N.L. Schwartz, "Market Structure and Innovation: 
A Survey," Journal of Economic Literature, 13 (March 1975), pp- 1-27. 
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disclosure policy which is an essential component of copyright protection. 
We may also conclude that trade secret protection leads to the con- 

centration in the STI industry because it creates artificial barriers 

to entry oe the industry and impinges on the efficient matching of 


buyers and sellers. 2% wigs: 


To the extent that competition is haneful to the provision of new 
products as suggested by the Schumpeterian hypothesis then the monopo- 
listic tendencies encouraged by trade secrets should be welcomed. How- 
ever, the benefits of improved flow of innovations have to be measured 
against the quality distortions and transaction costs caused by trade 
secrets protection. 

In the next chapter we shall study the appropriate length of pro- 
tection on the assumption that auch protection does not exceed the ex- 


pected economic life of the property. 


THE OPTIMAL DURATION OF COPYRIGHT 


A. Factors Which Influence the Optimal Duration of the Monopoly 


It has been mentioned before that in order to induce firms to — 
duce computer Rarueueal some form of protection has to be granted to 
them. For if every computer program or data base were to become public 
property as soon as it was developed, the firm which invested resources 
in its development would hardly be able to recover its costs, and ous 
consequently have very little inventive to undertake such research 
activities. A temporary monopoly on the rights to use or sell a piece 
of computer software will give a financial reward to the successful in- 
novator, which encourages him to underteke sich activities: The longer . 
the period for which such a monopoly is granted kG a innovator, the 
greater will be his incentive to devote resources to the development of : 
computer software, and the more abundant will be the stream of new pro- 
grams and data bases being developed. 

But a long period of protection also has an Circe effect on public 
welfare. The longer. a monopoly is granted to an innovator, the longer 
the period will Last during which there is a misallocation of resources. 
The sooner restrictions on the use of a computer program or data sees 
are lifted, the more useful will that particular item be to society, 

lime same analysis applies to innovations in general. For a meee 
thorough discussion of these issues, see "Optimal Lags in a Schumpeterian 


Innovation Process," by W.J. Baumol and D.M. Fischer, mimeo, New York 
University, 1976. 
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because, as discussed earlier, the cost of additional uses is likely to 
be negligible. 

The problem is, then, to find an optimal compromise between the two 
extremes of too short or too long a lag period during whieh protection 
in the form of a copyright is granted to the producer. 

In the next section we construct a model that shows how a firm reacts 
to various periods of protection. In that mode]. we will assume that there 
are diminishing returns to scale in the production of computer software 
for two reasons. First, we assime that there is an wmlinited number of 
potential projects which can be undertaken by a computer software firm. 
Some of them promise very high benefit to cost ratios, while this ratio 
will be lower and lower for the less secnetiee projects. The firm will 
undertake all those projects for which its expected benefits exceed its 
expected costs. Here the benefits to the fi umsownsi aoe both. the ee 
it derives from its pee use of the computer Seeuvare it has developed, | 
and of the revenues from sale of the eee or fron the licensing of 
its use. Costs will include a normal rate of return on invested capital. 
They will also include some premium for risk taking, because of the risky 
nature of any innovative activity, such as the davelopee of 2 naw com 
puter program, where it is difficult to estimate in advance the diffi- 
eulties and obstacles to be encountered and consequently the number of 
manhours to be expended. In many cases, it may even prove impossible’ 
wee complete successfully a project that has been started, so that the 
investment will turn out to be a eompTEte Pavnibes Riskiness of this 
sort is typical of any kind of innovative activity, for example the 
development of new drugs or new products in general. Incidentally, 


in dealing with this problem larger firms, which can pool risks, 
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have an advantage over smaller firms. Small for-profit firms will ceed 0 
to engage in the development of computer software that follows more or | 
less established lines and has direct applications, ieee ne aes 
risky basic research in new computer languages end algorithms will be 
left to research units within large firms, or to publicly supported aca= : 
demic institutions. | 
A second element which causes returns to diminish with increased 
activity is the considerable variation in the skills of computer pro- 
grammers. One brilliant programmer may well be able to accomplish 
more than twenty mediocre ences As a firm expands its operations, 
it will first tend to hire the most skilled personnel, and gradually 
have to resort to less and less talented employees. These two factors, 
the declining benefit. to cost ratio of software projects Nensiaetea : 
for implementation, and the declining abilities of incremental personnel, 
tend clearly to lead to diminishing returns to scale re the production 
of computer software, at least at the level of the industry as a whole. 
Although ieee be some cost eave bands in concentrating the Secsiope 
ment of eae software in « few large firms, which can henefit £20k 
internally shared information and reduced risk, every firm. will operate | 
at a level where it encounters increasing costs per wiit of outpvt with 
expanding activity. | 
Obviously , the longer the period of property right protection that 
is granted 6 a firm, the higher will be its revenue from aie eee aR 
Ti ehotigh programmers with ereater lis usually commend higher 
salaries, the differences in pay will usually hardly be commensurate 
with the much greater differences in productivity. But even if programmer 
salaries were to capture all of the benefits of superior productivity it. 
would still be true tautologically that the best programmers can yield 


the largest product. All that changes in this case is the identity of 
the recipient of the benefit. 
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project it may undertake, and the more profitable, on the average, 
that innovative activity will therefore turn out to be. On the other 
hand, a langer period of protection will reduce the aval lability , and 
with this the usefulness to society, of any given amount of computer 
software pecaueads The model in the next section will permit us to 
calculate the optimal length of the period of protection under given 
assumptions about the shape of the cost curve and the structure of de~ 
Mand for computer software. 

On the demand side, we assume that the amount users are willing 
to pay for any given computer software package declines over time, 
' because new and better products become available, which render the old ~ 
ones obsolete. In exceptional cases, the demand for the — of @ pro- 
gram which embodies some ingenious idea may also increase over time, be- 
cause the use of computers is expanding, and because the existence of 
the program may become more widely known. But we will confine our analy- 
sis to cases in which the social Value of a program diminishes over 
time. It seems intuitive that the more rapidly the value of a program 
declines, the shorter should the period of protection be that is granted 
to its producer. In the next section, we will. establish the relationship 
between the optimal period of protection and the useful lifetime of 


a@ computer program. 
B. A Model to Simulate the Behavior of a Typical Software Firm” 
The computer software industry is composed of a very large number 


of firms, some of them controlling a substantial share of the total 


tinis section is of a more technical nature and may be skipped 
without loss by readers who are more interested in policy issues. ‘ 
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market, others being very small, sometimes sendieetong of a single self- 
employed individual. All of these firms produce seduces which are 
similar, but not identical. They are substitutes to some degree, 
but not perfect substitutes. We can therefore assume that the firms 
are engaged in monopolistic competition, where each one of them faces © 
a downward sloping demand curve of some sort for its products. In- 
stead of ieokine at the industry as a whole, with its rather complex, 
structure, it spay anaderiie to analyze the behavior -of a single, typi- 
cal and representative firm to gain insight into how the software in= 
dustry will tend to react to any proposed sei siees ees ‘ 
We assume that every firm maximizes the discounted stream of future 
net revenue. Its behavior (that is, the amount of computer software 
it produces in each year) is then completely determined by the demand 
curve it faces as a function of time, its internal saat cur ecoter time, 
and the nature of protection granted to it. We will specify a ee the 
assumptions we have made about each of these functions. | 
In this model we do not distinguish between the sale of & program 
for unlimited use, and the leasing for a fee to be paid for each use. 
We simply assume thet for any given software package é. firm has aaveloned 
there is some number of users who are willing to purchase it, and. thet 
this number is larger, the lower the price is which the firm charges 
for the package. We also assume that there is a sisi price for each | 
software package; that is, the firm does not pee uae price discrimination 


lit has been observed that there have been cases in which a firm was 


unable to sell a software package at a low price, but found interested 
buyers when it increased the price, apparently because they believed in 
the quality of something expensive, but were suspicious about something 
cheap. But we do not concern ourselves here with such psychological 
anomalies of decision-makers in a firm. 
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among users.+ 

- We first look at the demand curve for one particular software pack- 
age, during a given relatively short time interval. The simplest shape 
for the demand curve will be a linear function, and in one version of 
our model we assume a linear demand curve (Figure la). But this may — 
introduce some bias. It seems more natural to us to assume that with 
avery low or even zero price, the number of users will tend to increase 
by considerably more than a linear demand curve indicates. We have also 
experimented with a demand eurve which approaches the horizontal axis 


asymptotically, as shown in Figure lb. 


pP 
Po 


(a) 
Figure 1 


Poll-a/a,) ifa< Io 
(a) A linear demand curve p = { 
i > 
| 0 ifq Ip 
(where p is the price and q the corresponding quantity sold 


(b) A nonlinear demand curve of the functional form 


p=k(q + ae where u > hg 


1 ; : ; : : : ‘ 
If a firm is allowed to charge discriminatory prices, it can extract 
a larger amount of surplus from the consumers, and therefore needs a shorter 
period of protection to be induced to produce a given amount of computer software. 


2 
The condition u > 1 is necessary because otherwise the consumers’ 
surplus would be unbounded when the price p is equal to zero. 
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Both of the demand curves shown in Figures la and 1b apply to one 
particular software package, at a given point in time (or, phe realis- 
tically, for a relatively short time interval, which may, for example, 
be an entire year). We next define how the demand function declines 
over time. We assume that the price which any given consumer is willing 


to pay declines exponentially over time at a constant rate (Figure 2). 


f(t? a 


Figure 2 


Decline of demand over time. ‘he price each buyer is willing 
to-pay at time t+ is the price shown in Figure 1 a or b, for t = 0, 


multiplied ty f(t), where f(t) = e7%/to 


Up to now we have looked at the demand for only one particular 
software package. (Of course, the same package may be sold over and 


over again to different users once it is produced, unlike a private 
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good.) We now ask how the various demand curves faced by a firm look 
for different software packages. It is clear that some of them can be 
sold at a much higher price than others, but these will also tend to 
be the ones which are most expensive to produce. We now make the some- 
what heroic assumption that there is some measurable unit of output of 
software, which is defined in such 4 way that seen unit of output can 
yield to the firm the same amount of revenue (sey, e.g., $1000), if 
the firm is granted a permanent monopoly on the sale of the software 
it has produced.t We also assume that the decline of demand over time 
progresses at the same rate for each unit of software so defined, so 
that the demand curve as function of time is identical for each unit 
of software.* 

We are now in a position to define a cost function. We assume that 
each additional unit of software output has an increasing cost, for the 
two reasons stated. (The firm will have to choose from less and less 
attractive projects and hire progressively less efficient personnel.) 
An example of an increasing marginal cost function is shown in Figure 3. 

If the firm is granted a permanent monopoly, it will produce the 
amount X+ (see Figure 3). If its protection period is limited so that 


it can earn only the amount MC. on each unit of output, then it will 


0 


produce only the smaller amount X. of software, at which marginal cost 


0 


is equal to marginal revenue per unit. 


lor course, the shorter the period of protection, the smaller is 
the revenue the firm can obtain from each unit of output. 


“Without these simplifying assumptions, the amount of information 
required to specify the model would simply grow beyond any reasonable 
bounds. , 
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x 


Figure 3 


Marginal cost MC(X) as a function of the number of “units” xX 


of software produced: MC(X) = Xx” with v > 0. 


We assume. that all costs are incurred over a short time period 
when the program is developed, and that later maintenance costs are 
negligible. Maintenance costs could easily be built into the model, 
if information about them were available. But they could simply be 
' discounted back to the point of creation of a new program and would. 
therefore not ‘modify the results obtained here in any eaaenet all Way « 

For the nature of the protection offered we make the simple assump- 
tion that the firm is granted a wonopoly for a Stnepentod of length T 


after it has produced a new program, and that the program becomes public 
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property thereafter.~ 


To summarize, our model is characterized by the following set of 


equations: 
(1) 5) = p'") (4) price at which a unit of software 
. ean be sold gq times, per time unit, 
at time t = 0. 

(2) Biaien = et), (0) ¢,) where pi) is the price at which a 
unit can be sold gq times per time unit 
at time t, and f(t) charecterizes the 
Gecline over time of prices consumers . 
are willing to pay. 

(3) Mc(X) marginal cost of producing the 
Xth unit of output. 

(t) 7 ener , s 

(4) p’‘(q) = 0 fort > T, expiration of the monopoly after 


T time units. 


We now want to determine what period T of protection is optimal from 
society's viewpoint given the profit-maximizing behavior of the firm. 
The optimal period T will be the one which maximizes the net present 
value of the discounted stream of social welfare W, which we shall de- 
fine soon. 


Our procedure will be the following. First we will calculate the 
tone Might also consider an institutional arrangement in which firms 
enjoy a total monopoly at first, with complete freedom of setting prices 
for their products and then are required gradually to lower the fees 
at which they make their software packages available to other firms. 

But it is probably too complicated to sdminister such a scheme equitably 
in reality. 
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price the firm will charge for a unit of software ae eee of 
protection, depending on the demand curve. From the duration of the pro- 
tection period we can then calculate the discounted net present value 

ef the revenue a firm can derive from each unit of computer software. 

By comparing this revenue with the marginal cost curve MC(X) for pro- _ 


duction of the x°" 


unit of computer software , we can derive what amount 
of software the firm will produce during each time period. Next we can 
compute, for a given period T af protection, the discounted net present 
value of the future stream of social welfare derived from one unit of 
computer software. As we have noted earlier, the amount X of computer 
software produced during one time interval will, he en increasing 
function of the protection period T, wheress the social welfare ahieiie 
from any particular unit produced will be a declining Apiotign of T. 
By multiplying the amount of software produced by the welfare afisine 
from each unit, we obtain total welfare generated as a function onthe 
period of protection T. This function will increase at first, reach 

a maximum, and then decline again. The point at which this welfare 
function reaches its maximum corresvonds to the optimal lag period T. 

We will now execute that program, step by Bite. First, wee wll.” 
derive the solution tn eeneeed algebraic terms. Then we wiL. specialize 
to the particular demand ard cost functions shown ro Figures 1, é, and 3. 

We will measure social welfare as the sum of ee one -peedieesat 
surplus, as it is customary in economic literature.” ike apoducente 


Iinis definition of social welfare ignores considerations of distri- 
butional equity, and simply adds up the monetary gains to each participant 
in the economy. For a discussion of other types of welfare functions 
and their implications for equity, see for example, "The Output Distribu- 
tion Frontier. Alternatives to Income Taxes and Transfers for Strong 
Equality Goals,” by W.J. Baumol, mimeo, New York University, January 1977. 
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surplus or, Eaenas the firm's net profit is the difference bee 
tween revenue and costs. The consumers’ surplus is the difference be- a 
tween what they would be willing to pay at iene for a piece of computer 
software, and what they actually pay. In Figure 4, the consumers' 


surplus is represented by the area PRP The lower the price, the 


0° 
larger will be the consumers’ surplus. Since the producer's costs are 
independent of the number of times he can sell a given unit of computer 


software, we look here only at the variable portion of producer's sur-- 


plus, which alone depends on the quantity sold (or, indirectly, on the 


Figure 4 


Consumer's surplus PRP, and variable portion of producer's 


surplus OQRP as function of the price OP the firm charges. This 
figure applies to one particular unit of computer software, during 
one time interval. 
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price the firm charges for a unit of computer software). This variable 
portion of the producer's surplus is represented by ihe rectangle OQRP 
in Figure }. | 

We can see that as the firm phan the price OF it eiaewek. 
Starting from zero, its revenue OQRP increases at first, but later de~ 
eclines again, as the number of sales it can make gradually drops to 
zero tie thesecatne price. Somewhere in between, sey when OF = p*, ine 
firm's revenue reaches a maximum. pt is then, icahesety uetee- ene 
firm will cherge as long as it is protected. The corresponding number 
q of copies scold will be denoted by q*. After & period of Length Ts 
when the firm's copyright expires, the price it can charge aeett to 
zero, and the consumers' surplus then comprises tie entire areé, OF.P) 
in Figure 4. 3 " 

Let us now compute the monopoly price p*, whe on the firm will. Sieeae: 
per unit of computer software, as a function of the time japanese t | 
elaspsed since the production of that unit. Formally ee the ae 
tionship patehd Seana ana number of copies sold, q, at any given 
time t (equation 2) we can stete that the monopoly price p* is given by. 


the value of p which maximizes 


0) 


a: pitta) = ar(e) pi) (q). 


In other words, 


(5) at(t)ep'*) (g2(4)) > alt) -p!*)(q'*?) 


for any quantity 0 < q(t) <@ sold at time t._ 


veh 


A necessary (but not a sufficient) condition, if mores is a smooth | 


function, is that 


Waal = e- 


(0) 
; [p 


15") a [pit (a)°f(t)-q] = 0 for q al hi 


We will assume that both the firm and society use a discount rate r. 
Then the net present value of the revenue e firm can obtain from one 


unit of software during the period T of protection is equal to 


T 
(6) R(T) = ! pe(tiat(te™ at, 


ieee the monopoly price p*(t) and the corresponding quantity q*(+t) 
are given by formula (5). 

The number of units of software produced, X(T), as a function of 
the protection period T,can now be obtained from the marginal cost 


function MC(X) by setting 
(7) Mc[x(T)] = R(T), 


er finding the amount X(T) which satisfies (7). 

Our next step is to calculate the net present allie of the dis- 
counted stream of welfare, W(T), generated by one unit of software if 
the protection period is T. 

The contribution to social welfare, w(t), generated by one unit 


of software, per time unit, at time t during the period of protection 


is equal to 
(8) w(t) = p ‘(q)dg forO<t<T 
. 0 7 eee 


This corresponds to the sum of the two shaded areas ogrP° Po in Figure h. 
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After the protection has elapsed, the social welfare is equal to the 
consumers’ surplus, which now includes the entire area under the demand 
curve (area 0 Q Po in Figure 4): 


ao 


(So) wi(t) =f o ?) (atea fort > TT. 


Lo) 


The present value of the discounted stream of the sum of consumers’ 
surplus and the producer's revenue, generated by one unit of software, 


is then equal to 
T o 
(9) s(t) = fwlt)e tat + f wiltle at. 
0 T 
Since w'({t) > w(t), (the welfare contribution of a unit of software 
is larger without peotestion than with protection), we see that S(T) 
reaches its maximum at T= 0 and declines with increasing T. 
To obtain the contribution of a unit of software to social welfare, 
we would have to subtract its production costs. But average production 
costs will depend on the andes X of software produced, and we will 
therefore have to take cach into account seperate. The cost of pro- 
ducing X(T) units of software, C(I), is equal to | 
X(T) 


(10) c(t) = f MC(x)dx 
ee: 


No discounting is necessary here, since we assumed that all bani are 
incurred at the point of production when +t = 0. 7 

The contetbution to social welfare of all units of software pro- 
duced during one time unit at t = 0, discounted is suetatty: as a func- 


tion of the protection period 7, is now equal to the amount X(T) of 
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computer software produced, multiplied by the consumers' and producer's 
surplus, S(T), generated by each unit of software, minus the production 


costs C(T): 
(11) w(T) = x(T) + S(T) - c(t). 


Figure 5 shows some typical shapes for X(T), S(T), -C(T) and W(T). The 


value of T which maximizes W(T), T*, is the optimal period of protection: 
(12). W(T*) > W(T) forO<T<@ | 


Results obtained for the optimal period of protection as a function 
of various parameters, such as the discount rate, the average useful 
life of a software package, and the structure of costs and anand will 
be presented in the next subsection. We will also compare the maximum 
amount of welfare that can. be obtained through a copyright system, 
when the optimal protection period is granted, with the social welfare 
that could be achieved in principle through some form oP Kenta planning. 
_In the latter case, we will assume that a firm produces the socially — 
optimal amount of computer software, financed through gevernment support, 
and makes the software it has produced available for free (thet is, at 


marginal costs) to anyone who wants to use it. 


yor the socially optimal amount to be produced, the marginal 
cost of the last unit of software produced must be equal to marginal 
social benefit. 
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x(T) 


ed 


PFigure 5 


Amount of software produced, X(T), consumers’ surplus and pro~ 
ducer's revenue generated per unit of software, S(T), total cost of 
all units of software produced, C(T), and present value of discounted 
stream of welfare, W(T), as functions of the protection period T. 

T* is the optimal period of protection. 
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C. Results Obtained from the Model and Their Policy Implications . 


Let us first consider a linear demand curve (as shown in Figure 
la). As-is shown in Appendix IV-1, the optimal period of protection, 


T*, can be expressed by the equation 


1 vt+3 
Feeney ee 
(13) ? rt1/ty in vel ? 
where 


r is the discount rate 
t is the average useful life of a unit of computer software 


~t/to) 


(the willingness to pay decays proportional to e 
Vv is a measure for the degree of diseconomies to scale in 
producing computer software. (Marginal costs are proportion- 


al to ole where X is the amount of computer software produced 


by the firm. ) 


From this formula it is apparent that, at least under the assumptions 
made here, the optimal protection period T* has the following relation-~ 


ship to the parameters on which it depends: 


Principle 4.1] If the discount rate, r, increases, oe optinal | 
period of protection T* decreases, provided other paremeters remain. 
unchanged. 

This principle implies that the faster we discount future income, 
l.e., the less we value future income compared to present inane: the 
shorter should the period of protection be. With a high discount rate, 
society is less interested in how much software is being produced, but 
is more eager to obtain the full benefit of free use a whatever is 


being produced as soon as possible. On the other hand, if the social 
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discount rate is low, society is willing to grant a longer protection 
period and make some sacrifices in the near future in anike to promote 
the production of software to a fuller extent and have more to live on 
in the more distant future. This relationship corresponds to what one 


would naturally expect. 


Pringiple ¢.2 If the average useful lifetime, tos or a Meee com-— 
puter software increases, the optimal period of protection should be 
increased. . 

This principle, again, corresponds to our tausneees sae the longer ~ 
it will take until a piece of computer software is steve casathy a 
better one, the longer it is worth to protect it, in order to have a 


greater amount of computer software produced. 


Principle 4.3 The stronger the ai seconomies of scale are in the pro- 
duction of computer software (as measured by the exponent v}, the shorter 
ought to be the optimal period of protection T*. 

This principle is somewhat less obvious than. the first two principles. 
But it too has a natural interpretation in hindsight. If there are very - 
strong diseconomies of scale, this means that there ie some limitea 
number of software projects which it is weciihie to underteke, but 
anything beyond that selection will be ea produce, as 
costs increase rapidly - In this situation, a longer protection period, 
which is designed. Cocaine more revenue per nit of software to ieee 
ducer and in this way to encourage him to produce ne will have very 
little effect. Only a few projects, if any at all, will be made oe 


effective if they were unprofitable under 4 shorter protection period. 
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That means, by increasing the protection period, sheleey would forego 
a large amount in potential welfare from the free use of existing 
computer software, in order to eetiiate the demactian of only a small 
additional amount of computer software. A short period of protection 


‘is therefore indicated in the heeenee of strong diseconomies of scale. 

Just the opposite is true if there are only weak diseconomies of scale 

or almost constant returns to scale. In that case, a slight increase 

in revenue per unit of software produced will now make a wide range of 

new projects financially feasible - projects which were unprofitable under 

a shorter protection period. Therefore, by giving up only a limited amount of 
benefit from existing computer software through a prolongation of the . 
producer's monopoly, society will induce producers to create a consider- 

ably larger amount of software. Therefore, if diseconomies of scale 

are weak, a long protection period is indicatea.? 

We turn next to the nonlinear demand curve shown in Figure ib. 

‘Here, monopoly pricing excludes a much larger number of potential users 
_who are willing to pay only a low price for the use of 2 software pack- 
age than was the case when the demand curve is linear. We will therefore expect 
the Si Seeveneed: 44 social welfare between monopoly pricing during the | | 
protection period and free use after the lapse of the protection period 
to be larger than in the case of a linear demand curve. In other words, 
the penalty paid by society during the protection pexiod is htaiée dian 
in the previously considered case. 
Ivathematically oriented readers will have noticed that the optimal 
protection period under the model assumptions made here is finite only 
if v > 1, that is, marginal costs of production increase at a faster 
rate than the amount produced. This implies that total costs increase 


more rapidly than the square of output. If the diseconomies of scale 
are any weaker, then the optimal protection period is infinite. 
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As is shown in Appendix IV-2, the optimal period of protection, 


T*. in the case of the nonlinear demand function assumed is 


1 1 ui \u u-1 
eos ———— —_—_— ; ¥ = — c —————— 
(14) - rtl/t, in yiyw with 2* = (7) avtoun1 
where 


r is the discount rate 

the average useful life at 4 unit of Satigane- 

v is a measure for the degree of diseconomies of scale, ~~ . 

u indicates how rapidly the willingness to=-pay jectines With. 
incraasing numbers of consumers. (p = lata), where q is. 
the nutber of copies of a unit of software sold at price p, . 
and k and Qo are parameters defined earlier.) The higher : is 
the less demand responds to a change in price, i-e., the less 


price elastic is demand. 


As before, (in equation 13) we find that the optimal period of protection © 
decresses with increasing discount rate r, increases with increasing 
average life time tos and decreases witb increasing diseconomies of scale - 


in production, represented by v. In addition, we have the new relationship» 


Principle 4.4 he less demand responds to a change in price, the longer 
should the period of protection bes? 
This principle agrees with the intuitive relationship between the 
shape of the demand curve and the penalty paid by society for having a 
Monopoly, which we just discussed. If the willingness to pay declines 
lit is a little trickt to see that T* increases with u (by the defini-~. 
tion of u, the higher the value of u, the more rapidly the demand curve 


declines). But we will soon see graphs which show the devendency of T* 
on u and other parameters. : 
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rapidly for additional potential users, i.e., if demand is inelastic, 
then little is sacrificed by having a non-zero mpaeoeay price charged 
for the use of acrtwara: and society can afford to grant a longer period 
of protection. On the other hand, if monopoly pricing excludes many 
potential users from taking advantage of existing software -that is, if 
demand is more price-elastic ~then the loss pesurtinn Peon & monopoly is 


more serious and a shorter period of protection is appropriate. 


D. Data Requirements and Estimates of Optimal Protection Periods 


In order to estimate the shape of the demand curve for computer - 
software, it would be necessary to collect information on the number 
of sales of a given software package that a firm has been able to make 
at various prices. If demand can be represented sufficiently well by 
a linear demand curve, then this information alone is sufficiant to 
sapait the calculation of an optimal period of protection from the dis- 
count rate, the average life-time of software, and iuersobe curve. It” 
is not necessary to have anymore detailed estimates of iia? How 
the discount rate r is to be estimated should pose no problem. The 
average life-time of a piece of software, tos can be obtained from in~ 
formation on how rapidly the sales=price, or the number of sales of a 
software package at a constant price, decline. To estimate. the degree 
of diseconomies of scale in the production of software (as represented 
by the parameter v), it would be necessary to ask software firms by 
how many percent their costs would increase if they ive to increase 
their output by, say, 10 percent (where output is nesuned by the dollar. 


timat is, it is not necessary to know the slope of the demand curve, 
and the intercepts Po ‘and I in Figure la. 
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volume of sales). Given these three parameters, r, t, and v, the opti- 


fe) 
Mal period of protection T* can be calculated from equation (13). For | 
example, if we take a 10 percent annual discount rate (r = .10), a 
o~year average life-time of a software package, and 6 parameter v = 2 


(indicating that marginal ccsts are proportional to the square of the 


quantity of software produced), then we obtain 


BE ve3 ae 5 at. Bae Z 
eo - memes Fy ee ee =n 3 = 
réi/t,  v-l ~ .10+.20 in 7 * 3.33(1 61) = 5-36, 


i.e., & copyright protection for a period of about 5 years is optimal. 
Figures 6 to 8 indicate how the optimal protection period, T* depends 


on Ys, tg and v. 


How serious is it if the length of the protection period Fepiaves 
from the optimum? To gain insight into this problem, we aut Caleuiaes 
the relative efficiency of various protection periods T, where the re- 
lative efficiency indicates what fraction of the mexinum feasible amount 
of welfare™ is reached by a copyright of a duration of T years. As is 
shown in Appendix IV-1, for a linear demand curve the relative efficiency, 


E(T), is given by 


(15) (TD) = (a/v) (2/2)2/% (we ~ (ve3)2/h), 


where z = ie and s =r # 1/t)< 


Figure 9 shows the relative efficiency E(T) as a function of the pro~ 
tection period T, for the set of parameters used in the example 


limi s Maximum could be reached through some ideal form of central 
planning. 
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T* 


(year) 


Figure 6 


The optimal period of protection, T*, as a function of the 
degree of diseconomies of scale v, for a discount rate r = 10 percent 
per year and an average life-time for computer software of to = 5 years, 
if the demand curve is linear. 
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Figure 7 


The optimal period of protection, T*, as a function of the 
annual discount rate r, for an averege life-time for computer 
software of tg = 5 years, and diseconomies of scale of v = 2. 
(Case of a linear demand curve). 
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1% (years) | 


8.05 


5.36 


| 
>t, (years) 


Figure 8 


The optimal period of protection, T*, as a function of the 
average life-time for computer software, t., for an annual discount 
rate r = .10 and diseconomies of scale in production given amy V=e2, 
(Case of a linear demand curve.) ; 
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just given.? Table 1 lists efficiencies for some selected values of T. 


T (yee) 


0 S 10 cS Wee. 28 


Figure 9 


Relative efficiency E(T) as a function of the protection period T, 
for an average life-time of software of t. = 5 years, an annual dis- 
count rate r = 0.10, and diseconomies of scale measured by v = 2, where 
marginal costs are equal to the vith Power of output x. (Case of a 
linear demand curve.) 


linis diagram corresponds to the social welfare W(T) shown in Figure 5. 
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Table 1 


Relative efficiency E(T) as a function of the protection period 

T (in years), for the same parameters as in Figure 9 (for a linear 

demand curve). 

As Figure 9 and Table 1 indicate, the maximum of the efficiency 
is very flat. There may be some loss in efficiency if the protection 
period T is much too short, but even if T is only 2 years (less than 
half of the optimum of 5.36 years), the loss in relative efficiency is 
less than 10 percent. And if the protection is granted for as eee 
1000 years, the loss in efficiency is only about 2 percent. ; 

The fact that the relative efficiency curve is almost flat to the 
right of the optimum was also pointed out by Nordhaus, in a slightly 
. different context.~ This is typical for linear demand curves. As we. 
shall see soon, however, for some non-linear demand curves, too long 
s protection period can bring a considerable Joss in welfare. 

Table 2 lists the optimal protection period T for various parameter 
combinations. It also shows that relative efficiency that can be ob- 
tained with the optimal protection period, and the relative efficiency 7 
‘that would result from permanent protection (when T approaches infinity). 

a See Invention, Growth and Welfare by W.D. Nordhaus (MIT Press, 


Cambridge, MA, 1969) esp. pp. 83-84. In his model, Nordhaus considers 
patent protection on cost-saving inventions. 
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Table 2 


Optimal protection period (T*), optimal relative efficiency (E*) 
and relative efficiency obtained with permanent protection (E), 
for a linear demand curve, for various values of v, the degree 
of diseconomies of scale in software production, and various average 
life. times L (in years): 
be 10 percent. 


The annual discount rate r is assumed to 
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As Table 2 shows, the highest relative efficiencies which can be ob- 
tained through a copyright system are achievable when there are very 
strong diseconomies of scale in the production of software, i.e., when 
the parameter v is high. A high value of v means that the protection 
period should be kept relatively low, and that additional protection, 
which increases a firm's revenue, will induce it to increase its pro- 
duction ony by very little. If v =10, that is, if a 10 percent in- 
crease in output raises marginal costs by a factor of (2,1)2° #26, 
then a copyright of optimal duration will yield about 83 percent of 
the maximum amount of welfare that is achievable in principle. But 
if diseconomies of scale are not as strong, then the efficiency of a 
copyright system, even one of optimal duration, ievosnaneastns lower. 
If marginal costs are proportional to output (i.e., v =1), then the 
efficiency is 50 percent. If vis as low as 0.1, meaning that a 10 
percent increase in output raises marginal costs only by 1 percent, then 
the efficiency of a copyright system is less than 1 percent of what is 
feasible in principle, with the right amount of public finding of soft- 
ware development. | 

Let us now look at some results for a epeuete enna curve for 


software, of the type shown in Figure lb: 
pla) = k(qta,)™ 


As is shown in Appendix IV-2, the optimal period of protection in that 


case is given by 


(14) gq Te =- = in (1-z*) 
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( u so u-L 


uvtcuel 


where z* = 
u-1 


and s = r+l/t)« 


Here the parameter u indicates how rapidly the price drops with an in- 
crease in supply. For example, if u = 2 and v = 2, and ty = 5 and. 

r = .10 as before, we finds = 0.3, 2®* = 4/7, and T* = 2.82. 

The behavior of the optimal protection period with respect to the para-— 
meters v (diseconomies of scale), r (discount rate) and %) (average 
life-time of a software package) is similar as before in the linear 
case. What is new is the way T* depends on uy where a low value of ‘i 
indicates more elastic demand, and a high value of u bab seves pidessies . 
demand for software. Figure 10 shows how T* increases with increasing 
values of u, given that all the other parameters are held fixed. 

Again, we ask how serious it is a ee optimum duration 
for the protection period. In Appendix IV-2 it is shown that the re- 
lative efficiency, E(t), of a protection period of length T is given 
by 


ak 


with 2 = l-e°", 5 = rtl/t); andy = (u/(u-1))7* . 


In Figure 11, a graph of the function E(T) is show for e specific | 
combination of parameter values. Table 3 lists seieeted seives of 
B(T). | 

As Figure 11 and Table 3 clearly show, there may be a sane taneiad ; 
penalty for granting too long a protection period, if demand for sbeee 


ware is not linear and rather elastic in the lower right tail of the 
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Figure 10 


Optimal protection period (T*) as a function of u, where high 
u means inelastic demand. Parameter values are v = 2 (diseconomies 
of scale), to = 5 (average life-time of software in years) and 
r= .10 (annual discount rate). The demand curve is nonlinear, as 


shown in Figure Ib. 
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. Figure 11 


Relative efficiency E(T) as a function of the protection period 
T, for u = 1.01 (indicating e demand elasticity close to unity), 
v = 2 (diseconomies of scale), t, = 5 (average life-time of a soft~ 
ware package, in years) and r = :10 (discount rate). (Case of a 
nonlinear demand curve.) ees 
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1.0 1.425 
-OL7 = 056.057 


a(T) 056.048. O40 . : 3 006 =. 006 


Table 3 
Relative efficiency E(T) for selected values of T, for the 

same parameters as in Figure 11 (for a nonlinear demand curve). 
demand curve. The reason is that during the protection period a very 
large number of potential users are excluded from enjoying the benefits 
of already existing software, because of the monopoly price being 
charged for it. Thus, any extension of protection, beyond the mininum 
period needed to encourage the production of at least some software, 
will necessarily reduce public welfare by a large amount. | 

Table 4 shows the relative efficiency of a sepeutine ssten for 
various combinations of the parameters u and v. 

What is significant about the results shown in Table 4 is that even 
for some rather plausible values of u and v, the relative efficiency 
of a copyright system of optimal duration is very low, often less Gren 
l percent. Only when diseconomies of scale are very strong (i.e., 
v is high) does a copyright system come close in efficiency to a publicly 
financed coeiabe industry, because in that case very little additional 


output can be obtained from an increase in investments. But in other 
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and relative efficiency obtained with permanent protection (E), for 
various values of u (when a high u indicates inelastic demand) and 


v (high v indicates strong diseconomies of scale in production). 


The 


average life-time of a copyright, tg, is assumed to be 5 years, and 
(Case of a nonlinear demand curve. } 


the discount rate r = 


oO. 
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eases, Where costs do not increase prohibitively with a eanuaionee 
output, it turns out that a reliance on profit motive of private firms 
does not help to generate an amount of computer go tidve idee racine 
social optimum. Even when these firms are given just the proper amount 
of property right protection, not too little and not too much, it will 
still be observed that many potential investments in the iepciauene | 
of computer software, which are worthwhile to be undertaken from the 
point of view of society as a whole, will be unprofitable for any one 
firm. The deeper reason for this state of affairs is, of course, the 
publie goods aspect of information, whieh can be shares Dieaeue being 
used up. 

These findings do not imply that a copyright system for ee | 
software is a bad idea, and should be abandoned in favor of fae current 
reliance on trade secret laws. For reasons expounded elsewhere in this 
venous trade secrets are even worse from the point of view of public 
welfare. What these results mean is that if the software industry has 
a certain cost and demand structure (néderate <disecononies of scale and 
elastic demand), then a reliance on private enterprise to produce a 
desirable amount of computer software will exact a high price from 
society. Whether such demand and cost conditions prevail in the computer 
software industry has to be determined from empirical observation. We 
hope that this study has indicated how important it is to undertake 


such an empirical investigation. 
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E. Protection vs. Public Subsidies for the Production of aettvars 

As we have seen at the end of the previous section, in some cases 
the granting of a monopoly to producers of computer software for a 
period of optimal length can yield a contribution to public welfare 
which comes auwse to what would be possible in principle through 
government planning. But in some other cases, ere when demand 
for computer software is quite elastic, the welfare Joss caused by 
protection of 1000 years reduces welfare only very slightly over a 
patent of optimal duration, which we found to lie between 6 and 20 
years, depending on the parameter assumptions. But as we have seen, 
these findings critically depend on the model saumstlens-maae, 

if it should turn out from empirical Sa smvabtons that private firms 
do not produce the optimal amount of computer-scoftware, because many 
projects that would be worthwhile to undertake from the viewpoint of 
society as a whole are not profitable to an individual firm, even if it 
is granted a monopoly of limited duration, then it is worth it to 
consider whether alternatives to statutory protection should be explored. 
Among other possibilities we think primarily of increased public support 
for the production of computer software , Se ucsyewsaties and other 
non=profit research organizations. | 

If the development of new computer venga dveupperted with public 
funds, there is no need to grant a monopoly of a certain duration to - 
the producer, and new computer programs and data pases ceen be made 
available immediately to all potential users and benefit the entire 
economy. Of course, public funds must come from somewhere, and they 


will have to be financed through taxes imposed by the government. - But 
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taxes can be spread among a large group of firms and other users, 
scaled according to each one's ability to pay, and they do not discourage — 
potential users of software to the same extent as a price charged under 
a monopoly. 
In a related study, two of the coauthors of this report have 
shown that in a simple economic model with innovation the or 
grows faster if innovation is sponsored by the government and the re- 
sults are made available to everybody, than if the government ere 
a patent of optimal duration to innovators and leaves innovation to 
private firms. In the system with a patent, less will be invested 
in innovation than is socially optimal. It was also found that the loss- 
in welfare resulting from the euauseaties of resources sane a temporary 
monopoly is considerably larger than the monopoly profits earned by the 
innovating firm. | | | 
In the model studied in Baumol and Fischer, innovation played a 
central role in the entire economy, and a short-fall in the amount of 
innovation forthcoming led to a retardation of pheseeeeeh ioe the whole 
economy. Even a slight reduction in the annual growth rate will ul- 
timately make a great difference in the output level of the economy, 
if the growth rate is compounded year after year over an extended period. 
If we look specifically at computer software, and not innovations 
in general, then the effect én the U.S. economy of underproduction in 
that sector will be less serious, at least for the present time, since 
the software industry amounts to less than one percent of all economic 


1oee "Optimal Lags in a Schumpeterian Innovation Process" by W.J. Baumol 
and D.M. Fischer, mimio, New York University, 1976. 
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activities. We would therefore not expect a noticeable slowdown in 
economic growth to result, even if there is some measurable ioss of 
welfare because less software is being pueauced then would be socially 
desireable. But this situation could change if our economy were to 
rely more and more on computers eae automation. “$56 trends indicate 
that this will indeea soon be the case. We shall return to this point 
in the final paragraphs of this section. | 
Of course, a system of publicly financed production of computer 
software is not without problems of its own. Having the government 
pay for the production of computer software end cuuke it available for 
free to everybody on request eliminates the test of be market , whether 
a newly produced software package meets 4 real demand. Once this wese 
for profitability is eliminated, it is necessary to replace it by equi- 
valent, or if possible better criteria to evaluate ic aeiaieted 
in the software field deserve to be supported. WiehoUe er ae 
researchers will have a tendency to do what is interesting yather utiay 
what is needed for economic progress. - 7 
What type of activities in the software field should bel. dupparted 
with public funds? As was discussed in Chapter III-B, firms. vho ee ~ 
software which tg very similar to what already exists, simply to capture — 
a share of a lucrative market for Ghenteries without contributing to | 
an increase in public welfere, will not be able eee such adiivindda 
for public support. But other institutions do deserve to receive 
government support in the public interest. Among them will be especially 
those who are engaged in highly dguiayerive-aetiwieies which hold po- - 
tentially great promises for uncovering “pe eorbunte tee, These activities 


are more risky, and their benefits may be realized only in 
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the more distant future, making them commercially less attractive. 

Among the type of projects primarily deserving public support are the 
development of new computer algorithms; the mathematical specification 
of algorithms in unambiguous form; the development of translating 
systems which allow programs to be written in machine independent form, 
without reference to the specific hardware used; the development of more 
flexible programming languages, which are free of artificial restrictions 
stemming from historical developments; the automation of the programming 
’ process itself, allowing a user to specify only what would be needed to 
‘explain to an intelligent person what a program is designed to do, and 
leaving all the details of memory allocation, efficient coding, etc. 

to a powerful compiler; and, finally, research in artificial intelligence, 
which may one day make feasible new types of thought processes Whieb 

we would never have imagined. 

In the absence of a commercial test of what is demsnasa: there ought 
to be a constant dialogue between users and developers of new software, 
to assure that the needs of users are met. | 

An alternative to either statutory protection or government support 
is the reliance on trade secrecy to give producers of software sufficient 
Pisnctat incentives, which is the current situation. Trade secret laws, 
which allow firms to conclude binding agreements among each other about 
conditions for the sale and lease of computer software, imotye that’ there 
is some period of protection of @ random duration and of decreasing ef- 
ficiency, as the number of imitations increases. The secret may be lost 
through unauthorized users, for example an enployee who changes his job 


and keeps a copy of a computer program developed by his previous ‘company. 
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The resulting Jan earsce in of protection will hardly happen to be of 
optimal length. But what is even more serious, the lack of public dis- 
closure of computer programs, out of fear of unauthorized Be, reduces 
the revenue a producer might win from sales. Also, software pindaeees 
tend to undertake efforts to make programs obscure and difficult to 
transfer from one machine to another, in an effort toa digcotpaxe un} 
authorized ‘igera so Programs ‘miei are poorly written in order to pre- 
vent others from using them also make it much more difficult for the 
firm who developed the programs to maintain and modify them. 

All of these effects (the lack of public disclosure and the obscure 
programming style) will tend to reduce social velfere. For these reasons 
we do not believe that reliance on trade secrecy in the field of computer 
software is a desirable state of affairs. However, fis gevaiheccs. 62 
a copyright system, or of public support for the development of computer 
software, must be weighed against the administrative costs of these 
systems, which may be higher than for a system of trade secrets. 

Let us add here a few remarks on the relative merits of a mupune VS. 
a. copyright system. One may argue that what is essential about a compu- 
ter program is the idea behind it, not the specific form it assumes, 
as is the case with Literary works, and that therefore patenting of 
computer algorithms is more appropriate than a copyright. But this 
could endanger creativity. A law that grants pipeaty rights to producers 
of computer scftware should be formulated sco as te prohibit spe aniseeats 
copying, which is an wnambiguous violation. But it should net prohibit | 
anyone from developing new programs, based only on ideas generally 


ee : . d , 
Some ways in which this is done were discussed in Chapter III-A. 
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available in the scientific literature, and on a programmer's own ori- 
ginal ideas. Such a policy would unduly hamper progress. For example, 
methods for the solution of linear programs are described in many standard | 
textbooks. It should not be against the law to translate any such al- 
gorithm into a program, only because someone else has done this before. 
‘Only if it is obvious that the program has been copied from a copyrighted 
code should this be prohibited. People may well be expected to be honest, 
and it is perfectly reasonable to request that, before anyone copies some- 
one else's code, he assure himself whether he is entitled to do sa, or 
May have to pay a fee to the copyright holder. But it would be unrea- 
Sonable to expect from @ creative person that before he develops & new 
computer program he should check whether anybody in the entire nation 
has ever written a similar program, and that he might therefore be 
liable of (unwitting) imitation. Such a provision of tiie law would 
be a paralyzing fetter on creative minds. For this reason, and because 
of the difficulty to prove the novelty for a patentable item, we consider | 
a copyright law to be preferable to a patent law for eoupiter software. 

Is there any empirical information on how the amount of consumers’ 
and producers’ surplus from computer software obtained in reality 
compares with what is theoretically feasible? We have seen that in 
order to achieve the Giesrettcal maximum of social welfare, ali those 
software projects which yield benefits to society higher than the costs 
of production ought to be undertaken. Our analysis showed that since 
the revenue to a producer is only some fraction of the benefits to society, 
he will produce less software than is optimal for society. Some of the 
projects near the borderline of profitability will have a benefit to 


cost ratio greater than unity for society, but a revenue to cost ratio 
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of less than one for the firm, and will therefore not be undertaken .? 
But from our theoretical analysis we would expect that, at east in 

the case of protection, the producer's revenue is a eeadedabiy large 
fraction of the social penefits,* and that therefore all tigen arolacts 
whose social benefits substantially exceed their costs vill be under= 
taken, even by private firms. But an ewpirical sutdy recently performed 
by Mathematica, Inc. shows evidence thet this is not true.” 

NASA Geveloped a computer program, called NASTRAN, for the deapi ey 
of flying rockets and their resistance to stress and vibrations of 
various frequencies. The same program can also be used to study the 
structural stability of airplanes and Large buildings, for example 
a building's ability to withstand shocks from earthquakes of various 
amplitudes and frequencies. NASA made this program available for free 
to any individual or firm who wanted to use it. The costs to NASA fe 
developing this program (in constant 1976 dollars, at an genus discount | 
rate of 5 percent) were equal to 12:million dollars. The estimated 
economic benefits to ell the firms who used it were estimated at $684, 
million. This corresponds to a benefit to cast datie of 58:1. Doubt=- 
less, sooner or later someone would have jndeeeekion to aevetop a similar 
project, given its great economic advantages « ‘For the caleulation of 


the above benefit to cost ratio, it was assuwned that ies contribution 


ton thé order of about 50 percent, depending on the assumptions about 
the shape of the demand curve made. . 


“This is true, to various extents, both for the case of trade 
_secrecy and of copyright protection. 


3See "Quantifying the Benefits to the National Economy from Secon- 
dary Applications of NASA Technology," prepared for NASA by Mathematica, 
Inc., June 30, 1975. ; os 
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only accelerated this development by 4 years. If it is assumed that 
it would have taken 10 years until an equivalent program had become 
available, then the benefit to cost ratio increases to a staggering 
145:1. A few large firms, such as Ford Motor Company and Computer 
Sciences Corporation estimated their annual benefits from using the 
program to be comparable to its production costs of $12 million. 

The question arises why did no private firm spend the resources to 
develop such a program, given its high benefits? There are a number — 
_of possible reasons. First of all, it is impossible for a producer of — 
software to realize all the benefits himself, through sales, because: 
of the public goods nature of computer software. In addition, it 
is difficult to market a software package and sell it to all potential 
users, even to those who could derive benefits exceeding the sales price, 
because it is difficult to convince the management of a firm of ae 
benefits of something new and unfamiliar. NASA ee advantage in this 
respect insofar as its prestigious name will be taken as a guarantee . 
for quality by many users. Furthermore, if something is free, many po~ 
tential users will be willing to take the risk of spending some time to 
try it cut, and as they get to know it, they begin to appreciate it. 

This still leaves unexplained the fact that some large companies, who 

by themselves derived higher benefits from the program than its production | 
costs, still did not invest the resources to develop something equiva—- 
lent. A geei une explanation is that top management in those companies 
is overly conservative and only willing to invest in something which 

has immediate tangible benefits, but they invest too little in more fun- 
damental research and development. | 


Another area, where most of the fundamental research and innovation 
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is performed at universities or other government Saionted wescaedt 
institutions, is agriculture. Most of the new seed per ea insecti- 
cides, or fertilizers have been developed at public icnemeerit insti- — 
tutions, not by farmers .* Not even large seeipiethedd enterprises invest 
an appreciable amount in innovation. Observations of this sort would 
indicate that governments do have to assume an dmnerbant eee in supporte- 
ing basic research and innovation, including probabily cavtatn types oe 
computer software. | | 7 

One form, among others, tn which the government could supper’ the 
development of new software is through open competitions, with re- 
wards for the most elegant and practical solutions. ‘An, institution ae 
similar to Research Applied tc National Needs (KANN) could solicit 
proposals for important problems thet are waiting for a solution. It 
could then send out and publish these lists, with a deadline for eibe 
mitting porposed solutions in the #orm of Sete aos cea Cea ea 
in @ standard language, which do the required job. The authors of the 
best solutions aoana be rewarded, and the results published and made 
available to the general public without payment. Many programmers have 
great talent in finding an ingenious solution to & peebien they are - 
given, but lack the ability to merket the products of their work. they 
normally end up doing repeiteye types of work with. very narrew, special- 
ized applications, for some company. But if they were given an opportunity 


1 according te a report in the New York Times of April 14, 1977, a 
research team at Michigan State University has isolated a substance 
called triacontanol from alfalfa, which in the tiny amounts of 4 milli- 
grams per acre can increase the yield of many food crops by 10. to 40 
percent. The enormous cost savings that this ced can neon to. 
people all over the world are hard to imagine. 
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to solve problems of a more general nature with wider applications, 

and could make their programs available to anyone who can use then, 
they would be able to make a much greater contribution to public welfare. 

How important is it to have effective institutions to encourage 

_ the Seduesiee of new computer software? The costs of computer hard- 
ware, per arithmetic operation, have declined steadily at a rate of 55 
percent per year over the last 20 years, ang there are good indications 
that this trend will continue for some time to come.” With this trend, 
computers will begin to play an increasing role in oum daily lives. 
Perhaps the most important role they can play lies in the automation 

of many production processes, which can free people to devote their ane 
to more creative activities than monotonous, repetitive tasks. Computers 
will play an increasingly important role in the area of storage and 
transmission of information, potentially replacing itheakees and the 
publishing industry as we know it today. Other areas where automation 
has wideranging applications are banking operations, transportation 
(with automatically guided public transportation there is no need for 
drivers), in communication (human telephone operators will no longer ' 
be needed), even in agriculture where plans exist for dobots to Cake: 
over the decreasing number of tasks still left to people. 

Automation is seen by many people today as a threat to their jobs 


and income, and is resisted on those grounds. This is understandable, 


limis figure is taken from Economics of Academic Libraries by 
W.J. Baumol and M. Marcus (American Council on Education, Washington, 
DC: 1973). Data used covered the years 1951-1967, but a similar trend 
has persisted since then. 


Many advances in the miniaturization of large scale integrated 
circuits have already been made, but not yet fully exploited in large 
computers available today. A price collapse, such as the one that 
took place for pocket calculators over the last few years, is likely to 
follow for more powerful computers as well. 


IV-47 


because the potential benefits from automation have not always been 
shared equally in the past, benefitting employers at the sielendd of 
employees who were replaced by machines. But potentially automation 
could be used to increase the income and reduce the workload of every- 
body, not just a priviledged few. We anticipate that in time workable 
solutions to these problems of equity will be found. 

With an increase in automation, the computer and Seeegine industry _ 
wit nok qiedimived 26 a 2ey percent of GNP, but will become a najeR: 
perhaps even the major industry. Then it will be vena important 
that the elcntay can develop, with a sufficient amount of easily usable : 
software available, rather than still being plagued by imeompati- 
bilities between different types of hardware and @ifferent conventions 
on computer software ~ and by a sprawling proliferation of programing 
languages .* A failure to solve these problems satisfeckortiy today may 
be a Major retarding factor for economic development in the fubure. 


Touch incompatibilities make the life of programmers unnecessarily 
difficult and frustrating, and cause an enormous waste in human talent. 


ey survey conducted by the Office of Naval, Research revealed that 
the Pentagon is using more than 1000 different programming languages! 


mis 


ee ee 


APPENDIX IV-1 


Derivation of the Optimal Protection Period for a Linear Demand Curve 


We shall calculate here what period of copyright protection maximizes 
social welfare, given demand for software can be represented by a linear 
demand curve (as shown in Figure la). To do this, we will compute 
the relative efficiency of any given period of protection, where the 
relative efficiency is defined as the ratio between the amount of 
social welfare forthcoming under a given duration of protection, and 
the maximum amount of welfare that is possible in principle with ideal 
central planning. Then we will determine the optimal sresupetgn period 
T* which maximizes the relative efficiency. 

In order to calculate the amount of welfare generated by any given 
protection period, T, we will first derive: the maximum revenue R(T) 
that the prdducesor a unit of software can generate through noMonoly: 
pricing during the period T. Then, by setting the iiehevigutes cost of 
the last unit of software produced equal to revenue per unit, we can 
calculate what amount X(T) of software the firm will produce. Next 
we will compute the discounted een of consumers! and producer's 
surplus, S(T), forthcoming before and after the expiration of the ne 
tection period from one unit of software. By multiplying the amount of 
software produced, X(T), by the surplus generated per unit, S(T), and 
subtracting total production costs, C(T), we obtain the amount of wel- 
fare, W(T), resulting from a protection period of length T. | 

In order to calculate the maximum amount of social welfare feasible 


under the given cost and demand structure, W*, we assume that the amount 
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of software produced, X*, is determined in such a way that iertuenee 
mental cost of the last unit is equal to the esaien benefit generated 
per unit. It is assumed that software will be made available for free 
to all potential users, so that the consumers’ surplus is equal to the 
entire area under the demand curve (e.g., area OQ,P, in Figure 4). 
Again, the maximum possible amount of social welfare to he generated, 


W*, is equal to 
Wwe = X¥9* — C#, 


where X* is the amount of software produced, S* is the surplus generated 
per unit, and C* is the total cost of producing X* units of software. 
For guide reference, we list here all the essential equations of 


the model, using the same numbering as in section B of this chapter: 


(o) (Po (1-a/do ita < "4. 
(1a) Pp oa ‘@] a if qa > Io 
linear demand curve 
(2) lt) qy = pl (qe t/t 
exponential decay of the value of a unit of software 
(3) MC(x) = o-x” 
incremental cost of the co unit of software produced. 
The exponent v indicates how rapidly marginal costs in- 
crease with increasing output. 
(4) p'*)(q) = 0 fort >T 


expiration of the monopoly after T time units. 


Coes 


(6) 


(9) 


(11) 
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el J 
ap eae 8 
for the monopoly price p = p* 
T 
Ret). = Iqtpte™t/ to ott ae 
fe) 


monopoly revenue during protection period T, given the 
discount rate is r and the average useful lifetime of 


& unit of computer software it t,.. 


ce « X(T)” = R(T) 
marginal revenue equals marginal cost 


& 
ee oe) | 
W(t) = f p\ "dq forte 


consumers’ and producer's surplus generated per time 


unit, per unit of software, during the protection period. 


Wi(t) = ppt ag for t>T 
consumers’ and producer's surplus generated per time unit, 
per unit of software after expiration of the protection 


period. 


a -rt -rt 
S(T) = fW(t)e ““dt + Wi(t)e ~ “at 
o 


discounted stream of consumers! and producer's surplus 
generated per unit of software, during and after the period ; 
of protection 


X(T) 


(2) = ff MC(x)dx 
Oo 


total cost of producing X(T) units of software 


W(T) = X(T)S(T) ~ C(T) 
amount of social welfare generated through a protection 


period of length T (by a single firm). 
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We begin by calculating the amount of software a producer will 
Supply, and the price he will charge per unit, as long as he is granted 


a monopoly. If the demand curve is given by 
qa =4(l-p/p,), 


the linear shape shown in Figure la, then the revenue per time unit 


that the monopolist can earn, if he charges price p, is 
r(p) = p « a = pq (1-p/p,). 


By taking the derivative of r(p) with respect to p and setting it equal 
to zero, it is easy to see that the price which maximizes the monopolist's 
revenue in this case is equal to p*® = P,/2. This applies at time t = 0. 
After a time span t has elapsed, all the prices consumers are willing to 
ertite. 


pay decline by a factor f(t) = The monopoly price also declines 


to 


Pp 
= pte"t/to = = e7t/to 


but the quantity q* sold by the monopolist remains unchanged. 
The discounted stream of revenue a monopolist can earn during the 


life-time of copyright protection is equal to 


t 


T -r 
=t/ty e dt 


fa*p*e 
oO 


R(T) 


T 
= IP, fe (ttl/tolts, 


fe) 
Using the notation 


s=rt ante ‘5 


Iv=52 


we obtain 


qp T_ 
R(T) = " BD fe at 
oO 
= qp 
(o} o) ‘i i =s™), 
4 s (1-e 


To find the amount being produced by the monopolist, X(T), we set marginal 


revenue equal to marginal cost: 


ad = R(T) or x(t) = ( L apy yt/¥ 


oO |r 


e+ X(T 


At time t = 0, the producer's surplus (corresponding to area OQRP in 
Figure 4} will be equal to p*q* = PoGy/*: The consumers' surplus (the 


small triangle corresponding to area PRP 


o in Figure 4) will be equal to 


Pia,/8- Thus, at time t = G, the consumers‘ and producer's surplus 
generated by one-unit of software is equal to (3/8)p.a.« At tine t 


during the protection period, the contribution to the surplus is 


-t/t, 


° 


w(t) = (3/8)p a. e 
After protection has elapsed, the contribution to the consumers’ sur 
plus (area 0@,P, in Figure 8) is equal to 


wi(t) = (1/2)p 4. e7t/to ; 


The discounted stream of consumers’ and producer's surplus generated 


by one unit of software is equal to 
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Z -rt - t 
S(T) = fw(t)e “at + Sw'(t)e “at 


re) T 


—(r#L/to bay yr 


1/2)p qe 
in oto 


. 
f(3/8)p ae 
o 


(3/8 )p oa, : ye) (1/2 )p a, : 


i 


fa fhe 


(1/2)poa, * F- (1/8)p.4, 1(j._78t? 


where s =r + 1/t, E 


The total cost of producing X(T) units of software is 


X(T) 
airs ff c+ xan =e © xD) /(yer) . 
oO . 


-(r+i/t,)t 


noe at 


Finally, the amount of welfare generated through a protection 


period of length T is equal to 
w(T) = x(T)s(T) - c(T). 


Using the notation 


and substituting all the expressions we obtain 


Poo 
se “ 


p 
uly. PO aah) 


e ( Podo 
2 


w(t) = ¢ vt] Use 


vt) /v ; 


We now go on to calculate the maximum amount of social welfare that 


ean be achieved if the government purchases the socially optimal amount 


of software from the firm under consideration’ and makes it available 


tthe way this would heppen in practice is that the government sets a 
price for software it purchases, which is equal to the estimated marginal 


social benefit, and then lets the firm produce as much as 
the given price. 


it wants at 
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without payment to the entire society. In that case, we have the set 


of equations 


(17) S* = fulton aes 
o} 
(18) xt = ( ge) V¥ 
# = —. (yayVtl 
(19) ce = ay (x) and 
(20) We = x¥g* 2 CF 
We find 
of : 
=(rte1/t_)t Pode i 
x x . = ay ee 
S F/2)Po4,° on at 2 So! 3% 


The optimal amount of software to he produced is » 


| ae 
wea (2g) /¥ 2 (ely 


The cost of production is equal to 


Pollo (vt )/v 


oar ae esc 


The maximum feasible amount of welfare is therefore 


POG L/v , Pode = c Poo (wed )/v 


8 = YER 1 C8 
Le x"5 : ese 2s vel 2s¢ 


Cc. + 
e Bes: Vv 1 


stots yi/v ( Pot, vel )/¥ Ge ) 
We are now able to compute a coefficient of relative efficiency, E(T), 
for a protection period of length T: 
E(T) = W(T)/We. 


After some algebraic manipulations, one will find 
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Vv 


The optimal protection period T* is the one which maximizes the re- 
lative efficiency E(T). It corresponds to the optimal value z* for z. 
Taking the derivative of E(T) with respect to z, and setting it equal to 


zero, we obtain 


nce) BM dy Leen ad «Wy oo, 


By simplifying and solving for z = z* we find 


Substituting back 
= # 
z*=l-e os ; 


we finally get the formula 


(13) T* = 


APPENDIX IV-2 


Derivation of the Optimal Protection Period for an Example of a Nonlinear 


Demand Curve. 

In this Appendix we will calculate the relative efficiency of a 
period of copyright protection T and the sat gies anton T* for the 
case of the nonlinear demand curve shown in Figure 1b. All the os 
are essentially the same as in Appendix IV-1, except that the denana 


equation (la) is replaced by the equation 
(o) x -u 
(1b) p(q) = k(qtq.) ; where u>1. 
We will therefore limit ourselves to indicating the major steps in the 
calculation, and refer for their motivation to Appendix IV-1. 
To maximize his revenue from each unit of software produced, the | 
monopolist, at time t = 0, will sell q* copies of each unit of software 


he has produced, where for q = q* we have 


1a 
a 
t 


(5) “ae. (p =O = = (x(ata,) a) 


U. 


tt 


-u-1 — 
kq(-u) (ata) Ure + k(gta_) 
(e) 
This yields the monopoly quantity and price 
He for Ot He __ “uu 
q and p*¥ =k( ~~a). 


The revenue earned by the monopolist is equal to 


T 3 ae ROS Ge 
(6) R(T) = Sptgte A/F) = page feSTay = —2 (Oy « Ure 8), 


0 o 
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We will again use the abbreviation 


-sT 
Z2 = l-e e 


By setting revenue per unit equal to marginal cost, we obtain for the 


quantity produced 


(7) x(T) = (2 R(t) 


During the protection period, consumers’ and producer's surplus generated 
by one unit of software is equal to 
i: : q* - q* e 
(8) w(t) = evt/to f pag = eo t/to wf (ata,)™ aa. 
fe) a) 
Solving the integral and inserting q* = q/(u-L) we obtain 


Udo 


“t/t. , _K i-u 
= 7 (ST 


1l-u 
u-1 ) ) 


W(t) = 


Similarly we find for the surplus after the expiration of the protection 


period 


-t/t k l=-u 


O+——=—q ‘ 


(8°) W(t) =e ais 


The discounted stream of consumers! and producer's surplus generated by 


a unit of software is 


T ‘ oo é uq 
es -rt ' Sag es ee, he 1-u o,\l=u 
(9) S(T) = Su(t)e “at + SW'(t)e “dt = STS (a, oe: z) 
fe) T 
with z=1- e5t: 
Total cost is given by 
(10) c(t) = x(n) 


“a, 
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Combining the expressions (6), (7), (9) and (10) yields 


(ia) w(t) = x(v)s(T) = c(T), 
kq ee eee | k ei, noe ee 
geteny ae 2) late eo ce 


kq uq 
ee: ° “to you (vt) /v 
vel sc(u-1)} ( u-1 a 


For the maximum social welfare feasible under public financing ve 


evaluate formulas (17) to (20) and obtain 


: z SAE ae ~ fies Pt es k jeu 
(17) 5° = _ (te at eGicay to 
wih tee Life 2 _k tees 
oa Rae ae vi sc(u-1) %o ) 
ot ear 
(19) c# = a (x*) 
(20) WR = xeg# - c# = —o( —4 Lew) (vel) /v 
vel se(uel} *o 


We can now compute the relative efficiency E({') of a given protection. 


period T as 


4 
vtl (y2y/? ( 


(16) B(T) = W(T)/We = SS 1 - h-yz) ~5 (ya 


where 2 stands for 1 = ao ena y for (u/(u-1)}™™. 


In order to find the optimal protection period T*, we take the de- 


rivative of the coefficient of relative efficiency, E(T), with respec? 


to z and set it equal to zero. This yields 


%o= WATE fees u-1 ow 1 = *) 
= ET uvt+2u-1 ang = 8 an (1 a®). 


By replacing s by r + L/t, we obtain equation (14) in Section IV-B. 


(vel) ie 


